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CHANGES  IN  -STOLIC  BLOOD  PRESSURE  DURI.G  ISOMETRIC 
CONTRACTIONS  OF  DIFFERENT  SIZE  MUSCL'J  GROUPS 


Th'e  systolic  blood  pressure  responses  to  sustained  40%  maximal 
voluntary  index  finger  adduction  and  handgrip  contractions  were 
characterised  for  21  male  subjects.  Using  the  systolic  blood 
pressure  measurements  and  the  corresponding  times  at  which  they 
were  taken,  regression  lines  were  c&lculated  which  illustrated 
the  changes  in  systolic  pressure  with  respect  to  time.  The  slope 
of  the  regression  line  representing  the  mean  response  to  the 
larger  muscle  mass  (.287)  was  significantly  steeper  <p*.00l) 
than  that  for  the  smaller  mass  (.052).  The  literature  reviewed 
prior  to  conducting  this  study  suggested  that  the  systolic  blood 
pressure  response  to  isometric  exercise  is  deoendent  on  percent 
of  maximal  v&luntary  strength  and  independent  of  the  size  of  the 
contracting  muscle  mass.  The  results  of  this  study  indicated 
that  the  size  of  the  contracting  muscle  mass  does  influence  the 
systolic  blood  pressure  response  to  a  sustained  isometric 
contraction. 
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The  systolic  blood  pressure  responses  to  sustained  40%  maximal 
voluntary  index  finger  adduction  and  handgrip  contractions  were 
characterized  for  21  male  subjects.  Using  the  systolic  blood 
pressure  measurements  and  the  corresponding  times  at  which  they 
were  taken,  regression  lines  were  calculated  which  illustrated 
the  changes  in  systolic  pressure  with  respect  to  time.  The  slope 
of  the  regression  line  representing  the  mean  response  to  the 
larger  muscle  mass  (.287)  was  significantly  steeper  (p*.001) 
than  that  for  the  smaller  mass  (.052).  The  literature  reviewed 
prior  to  conducting  this  study  suggested  that  the  systolic  blood 
pressure  response  to  isometric  exercise  is  dependent  on  percent 
of  maximal  vSluntary  strength  and  independent  of  the  size  of  the 
contracting  muscle  mass.  The  results  of  this  study  indicated 
that  the  size  of  the  contracting  muscle  mass  does  influence  the 
systolic  blood  pressure  response  to  a  sustained  isometric 
contraction. 
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CHAP”??  T 

" N^ROD UCTION 

Pacfcaround  of  the  Study 

Sines  many  of  our  daily  activities  contain  elements 
of  an  isometric  nature,  for  example,  holding  a  box  while 
lifting  it,  brushing  our  teeth,  combing  our  hair;  our 
cardiovascular  system  must  routinely  adapt  and  function 
during  thes*  stresses.  DeVri°s(U)  and  Lind  (9,9,1"’)  have 
demonstrated  that,  the  pressor  response  during  activities 
containing  bo^h  rhythmic  and  static  components  is 
primarily  governed  by  the  isomeric  component. 
Characteristic  cardiovascular  responses  to  static 
contractions  are  (1)  substantial  rises  in  both  systolic 
and  diastolic  blood  pressures,  (2)  small  changes  in  heart 
rate,  and  (1)  minimal,  if  any,  changes  in  the  peripheral 
vascular  resist ance  ( 3)  .  The  monitoring  of  the  heart  rate 
is  not  the  mos*  adequate  means  of  assessing  the  cardiac 
stress  o*  an  exercise  containing  an  isometric  component 
since  the  pressure  lead  imposed  on  the  heart,  demonstrated 
by  changes  in  *he  systolic  and  diastolic  blood  pressures, 
is  more  signi'icar.4-  than  the  exercise  tachycardia. 


2 

Cardiac  effort  or  mvccardial  oxygen  cost  during  exercise 
(HVC^)  can  b®  most  accurately  predicted  using  the 
or®ssure-rate  product  (heart  rate  times  systolic  blood 
pressure)  (2,9,13).  Having  an  accurate  assessment  of  the 
pressure  load,  as  indicated  by  the  systolic  blood 
pressure,  imposed  upon  the  myocardium  by  '■he  isometric 
components  of  an  exercise  proaram  would  be  valuable  for 
exercise  prescription  and  activities  of  daily  living  (ADL) 
counseling  following  myocardial  infarction. 

Investigations  conducted  by  Donald(l),  Lind(2),  and  a 
review  oc  literature  by  Nutter  (3)  state  that  the  blood 
pressure  response  to  an  isometric  contraction  is  governed 
by  two  factors:  (1)  '•he  intensity  of  the  isometric 
contraction,  and  (2)  the  duration  of  the  contraction. 
Studies  by  Donald(l),  Lind(2),  Devries(h),  Fisher(5),  and 
Humphreys  (6)  ,  have  shown  a  positive  relationship  between 
'■he  Dercent  of  th=  maximal  voluntary  contraction  (MVC)  and 
the  magnitude  of  rhe  systolic  blocd  Dressure  observed 
during  the  contraction.  Astrand(7),  Lind  (2, 8, 9),  and 
Pevri=s(U}  conclude  from  +heir  studies  that  the  systolic 
blood  pressure  response  during  an  isometric  contraction  is 
determined  not  by  the  size  of  the  contracting  muscle  mass, 
but  by  its  relative  proportion  of  MVC.  This  assumption  is 
plausible  considering  their  data;  however,  BcCloskey (10) , 
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usina  electrical  stimulation,  demonstrated  on  anesthetized 
doos  and  cats  that  the  size  of  the  contracting  muscle  did 
influence  the  magnitude  of  the  pressor  response. 

Although  Lind  (8,9),  Humph  rey  s  (6)  ,  and  McClosk  ey  ( 1 0) 
all  state  that  the  change  in  systolic  blood  pressure  is 
proDor* ional  to  the  percentage  hvc  of  the  isometric 
cor.tr  act  ion ,  there  is  no  agreement  among  them  as  to  how 
much  change  will  occur  at  a  given  percent  HVC.  All  three 
o*  these  investigators  studied  a  relatively  small  number 
of  subjects:  Lind,  ten  subjects  in  one  study(8)  ,  four  in 
*  he  oth=r(9);  Humohreys,  four  subjects  (6);  McCloskey,  ter. 
subiects  CC) .  None  cf  the  investigators  attempted  to 
control  nor  did  they  mention  how  they  compensated  for  the 
contribution  of  the  accessory  muscle  activity  to  the  blood 
pressure  response  observed  in  the  individual  studies. 

With  •‘•he  =xcep*ion  of  KcClosk°y  (1 0)  who  used  arterial 
catheterization,  blood  pressure  was  measured  by 
auscultation,  using  a  pressure  cuff  and  stethescope.  Due 
to  the  Dsychological  and  physiological  changes  that  cause 
fatigue,  it  is  difficult  to  study  absclut®  systolic  blood 
pressure  values  measured  indirectly  at  isometric  tensions 
greater  than  50%  ’"VC  due  to  the  relatively  short  duration 
of  the  contraction.  Although  these  studies  and 
others  (2, 11 ,12,34)  have  described  pressor  responses  of 
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differ-?.':  muscle  groups  at  various  percentages  of  MVC,  no 
literature  is  available  which  tested  the  statistical 
significance  of  differences  between  the  characterized 
responses  of  large  ard  small  muscles.  Previous  studies 
have  rot  utilized  sufficiently  large  numbers  of  subjects 
or  valid  techr.igues  of  measuring  blood  pressure.  Nor  have 
previous  studies  eliminated  or  accounted  for  accessory 
muscle  ac^ivi'-y  which  could  have  contributed  to  the 
observed  blood  pressure  responses.  Thus,  an  objective 
investigation  of  the  systolic  blood  pressure  r°sponse  to 
isometric  contractions  of  different  size  muscle  grouDS, 
which  would  minimize  the  criticisms  of  '■he  above  mentioned 
studi-s,  is  reeded. 

Purpose  of  the  Stu d v 

The  purpose  of  this  study  was  to  investigate  the 
difference  between  the  systolic  blood  pressure  responses 
to  'wo  different  size  muscle  masses  contracting  at  a  known 
percentage  of  maximum  voluntary  strength.  Specif ical ly, 
this  study  compared  slopes  and  intercepts  of  the 
regression  lines  derived  from  systolic  blood  pressure 
responses  during  sustained  contractions  of  two  different 
siza  muscle  groups  contracting  at  40%  MVc. 
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Certain  factors  which  can  be  considered  as 

limitations  to  this  study  include: 

* )  "’he  inability  to  measure  precisely  the  size  of  the 
contracting  muscle  mass. 

2)  Inability  *o  completely  assess  or  eliminate  syner¬ 
gistic  and/or  co-contract ina  muscle  activity. 

?)  Validity  o*  maxiaum  tension  measured  as  actually  being 
the  maximum  tension  possible  for  the  individual 
subiec+s. 

а)  "he  osvchologica  1  and  physiological  fatiaue  factors 
influencing  the  duration  of  the  isometric  con- 

+  ractions. 

5)  ?.  population  limited  to  normal  males  between  the  ages 

c  c  20  and  3  3  yea rs. 

б)  "he  use  of  an  intermittent  noninvasive  rather  than 
a  continuous  invasive  technique  for  measuring 
blood  pressure. 
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CHAP?rF  IT 

F  rVI EW  OF  II  TF  PACfJBE 

"his  chapter  presents  a  review  of  literature 
pertinent  to  the  measurement  of  isometric  strength  and 
endurance  and  a  thorough  review  of  literature  relevant  to 
the  blood  pressure  response  to  iscmetric  exercises. 

strength  and  Isometric  Endurance  Measurements 

In  his  book  on  work  and  fatigue(15),  Simonson 
identifies  some  of  *h.e  physiological  and  psychological 
factors  *o  consider  when  measuring  maximal  isometric 
muscle  strength  and  submaximal  iscmetric  endurance 
contractions.  Investigators  studying  the  relationship 
between  isometric  strength  and  iscmetric  endurance  have 
calculated  test-rstest  correlation  coefficients  (r)  as  an 
indication  of  the  reliability  of  their  measurements. 
Carlson  (16 ,  I'M  obtained  r  values,  indicative  of  his 
be*ween  day  reproducibility,  of  .95  and  .60  to  .69  for 
maximal  isometric  strength  and  submaximal  isometric 
endurance,  respectively,  in  a  s*udy  using  handgrip  as  the 
isometric  contraction  and  bekween  day  r  values  of  .94  and 
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•  u8  to  ."*3  for  strength  and  endurance,  respectively,  in  a 
study  utilizing  the  elbow  flexors.  Heyward  (18)  studied 
handgrip  strength  and  endurance  and  obtained  between  day 
test- ret=st  r  values  of  .92  to  .98  for  100*  MVC  strength 
ard  .65  to  .88  for  endurance.  While  testing  the  validity 
of  a  dvnometer  to  measure  isometric  strength  of  the 
intrinsic  rau'cles  of  th®  hand,  L=ss(19)  obtained  a  test- 
retest  r  vajje  of  .89  to  .9^  for  adduction  of  the  index 
f  ing=r. 

Blood  °ressnre  Response  tc  Isometric  Exercise 

ilthouah  GasVell(29),  as  early  as  1877,  and 
Grant  (21)  ,  Clark,  et  al.  (22),  and  Tuttle  and  Horvath(23) 
in  later  years  had  described  some  of  the  physiological 
changes  that  occur  in  the  cardiovascular  system  during 
exercise,  it  was  not  until  th®  mid-196  0's  that,  studies 
were  conducted  that  specifically  evaluated  the 
cardiovascular  changes  as  they  relate  to  sustained 
isometric  contraction.  In  contrast  to  dynamic  exercise 
which  characteristically  manifests  itself  with  a  marked 
increase  in  both  heart  rate  and  cardiac  output,  and  a 
decreas®  in  total  vascular  resistance,  sustained  isometric 
exercise  is  manifested  by  rapid  increases  in  systolic  and, 
*o  a  lesser  degre®,  diastolic  arterial  blood  pressure. 
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less  dramatic  increases  in  heart  rate  and  cardiac  output, 
a-d  little,  if  anv,  increase  in  total  systemic  vascular 
r^sistanc®  (?) . 

Ir.  1963  Humphreys  and  Lind  (6)  published  the  results 
o£  the  first  investigation  which  studied  the  relationship 
beAwe°n  intramuscular  pressure  and  perfusion  pressure  of 
♦he  blood  at  different  percentages  of  maximal  voluntary 
contraction  (HVC).  Blood  flow  to  the  active  muscles  in 
the  forearm  was  measured  during  repeated  30,  40,  50,  60, 
and  '7n?1  «vc  handgrip  contractions  of  four  healthy  middle 
aged  male  subjects,  ""he  contractions  were  maintained  until 
fatigue.  Fatigue  was  defined  as  the  instant  at  which  the 
specified  tension  could  no  longer  be  maintained,  and 
measured  to  *he  nearest  second.  Forearm  blood  flow 
measurements  were  taker.  Drior,  during,  and  post  exercise. 
Because  of  possibly  inaccurate  measurements  at  70%  MVC, 
only  the  data  collected  at  the  lower  tensions  were 
preserved  for  discussion.  Using  bipolar  needles  to 
determine  the  "...functional  anatomy  of  the  forearm 
muscles  during  the  contractions,..",  the  prime  movers  were 
defined  as  the  extensor  carpi  radialis,  flexor  digitorum 
sublimis,  ar.d  the  flexor  digitorum  profundus.  There  was 
r.o  electromyographic  evidence  of  activity  from  the  flexor 
carol  radialis  or  the  flexor  carpi  ulnaris.  Blood  pressure 
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was  measured  by  auscultation  on  tie  opposite  arm  prior, 
during,  and  post  contraction. 

*.*■  all  tensions,  there  was  a  10-20  mmHg  rise  in 
svstolic  blood  pressure  durina  +  he  first  10-15  seconds  of 
the  iso«»tric  contraction  and  the  observed  systolic  blood 
pressure  a*  fatigue  in  all  cases  ranged  from  170-190  mmHg. 
Since  blood  flow,  and  not  blood  uressure,  was  the  major 
investigative  factor,  there  was  a  relative  paucity  of  data 
and  discussion  related  to  the  bleed  pressure  changes. 
Humphreys  and  Lind  concluded  that  the  blood  flow  directed 
toward  the  active  muscles  was  increased  at  all  relative 
submaximal  tensions  investigated,  but  there  was  a  gradual 
increase  of  the  intramuscular  pressure  of  the  contracting 
muscles  as  the  percent  of  MVC  increased  from  30-70%  such 
that  at  70®  MVC  the  intramuscular  pressure  exceeded  the 
p^r^usion  pressure  of  the  blood  and  the  flow  to  the  active 
muscles  was  completely  occluded.  In  light  of  this  fact, 
it  is  reasonable  to  assume  that  the  observed  increase  in 
systolic  blood  pr  =  ssure  was  the  body's  attempt  to  maintain 
adequate  blood  flow  to  +he  active  muscles  in  spite  of  the 
increasing  intramuscular  pressure. 

Ir.  1 9 6 U ,  Lind,  e*  al.(2),  published  •‘rhe  results  of  ar. 
investigation  designed  to  look  at  the  changes  in  aortic 
blood  pressure,  heart  rate,  cardiac  output. 


and  blood  flow 
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durir.a  isometric  handgrip  contractions  of  varying  relative 
intensities,  rising  four  eubiec+s,  data  was  obtained  from 
10  ar.  d  20*  *vc  each  held  for  c  minuses  and  a  50% 
contraction  held  to  fatigue  (1  mir.ute  for  two  subiects,  2 
minutes  for  the  o*her  *vo),  being  defined  as  the  instant 
a*  which  the  subject  could  no  longer  maintain  the 
contraction.  During  th®  10%  ?1VC  there  was  an  average  mean 
aortic  blood  pressure  (diastolic  +  1/3  pulse  pressure) 
increase  of  10  mm^g  and  bea^s/min  in  heart  rate.  The 
m°an  aortic  pressure  and  heart  rate  of  three  of  the  four 
subiects  remained  in  a  steadv  s+ate  condition  during  the 
final  3  minutes  of  the  contraction  period.  The  mean 
aortic  pressure  and  heart  rate  had  returned  to  resting 
values  within  30  seconds  following  release  of  the 
contraction.  All  cour  subjects  showed  a  continuous 
increase  in  bo-*-h  mean  aortic  pressure  and  heart  rate,  32 
mmHa  ar.d  beats/min  respectively,  during  the  20%  MVC. 
^hese  ‘w o  parameters  again  recurred  to  resting  values 
within,  a  short  time,  1  minute,  following  release  of  the 
contraction.  The  average  increases  in  mean  aortic 
pressure  and  heart  rate  for  all  four  subjects  at  1  minute 
were  uc  mmHg  and  ti 8  b^a^s/min  respectively  during  the  50% 
»vc.  One  minute  was  the  fatigue  point  for  two  of  the 


subjects,  but  the  other  two  subiects  maintained  this 
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contraction  for  2  minutes.  Th°  fatigue  values  for  these 
*-wo  subiects  were  increases  of  57  mmHg  for  mean  aortic 
pressure  and  57  beats/min.  for  heart  rate.  Whether  held 
for  ,  minu-e  or  2  minutes,  the  mean  aortic  pressure  and 
heart  rate  both  returned  to  normal  conditions  within  1 
minute  following  cessation  of  the  contraction.  These 
authors  acknowledged  the  fact  that  extraneous  muscle 
activity  during  the  sustained  contractions  was  possible, 
but  failed  to  consider  this  in  discussing  the  obtained 
data.  They  concluded  that  the  pressor  response  to  an 
isometric  contraction  was  ocverned  by  the  relative  tension 
of  the  contracting  muscle  mass. 

As  a  follow-up  to  some  of  his  previous  work(9),  Lind, 
al.(2U)  conducted  two  series  of  experiments  designed  to 
look  at  the  responses  to  non- fati auing ,  which  he  defined 
as  being  less  than  15%  hVC,  and  fatiguing,  which  he 
defined  as  being  areater  than  15%  MVC,  isometric 
contractions.  The  rirst  series  compared  the 
cardiovascular  resDonses  during  the  sustained  isometric 
contractions;  the  second  series  investigated  the  effects 
of  ar+erial  occlusion  on  the  post -exercise  hyperaemia. 
’’sing  nine  subiects,  the  investigators  observed  blood 
pressure,  via  auscultation  ev=ry  minute  pre-  and  post¬ 
exercise  and  everv  3C  seconds  during  contraction  usina  a 
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micro  phono  stathoscop°,  ar.d  h°art  rate  during  four  3 
minute  contractions  at  5,  1C,  15,  and  20 %  Mvc  each.  Oata 
was  obtained  from  a  30%  Mvc  separately  to  ensure  that  the 
cardiovascular  changes  observed  were  not  influenced  by  the 
previous  cor.t ra ctior. s. 

Tn  all  instances,  a  steady  state  systolic  blood 
pressure  and  h«art  ra‘°  was  achieved  earlv  in  the  5  and 
*0*  M  vc  and  maintained  throughout  the  remainder  of  the  3 
minute  contraction.  "'"here  was  a  continuous  rise  of  both 
blood  pressure  and  heart  rate  throughout  the  entire  3 
minutes  durir.a  all  contractions  greater  than  15%  mvc.  The 
average  increments  of  change  for  the  four  sub-jects  for 
each  3  minute  contraction  were; 

Percent  Blood  Pressure  Heart  Rate 

Mvc  (in  mmHg)  (beats/min) 

Svstolic/Piastolic 


5  10/8  4 

10  13/12  6 

15  14/13  9 

20  18/16  11 

30  27/23  28 


“he  authors  failed  tc  discuss  the  rates  of  change  observed 
i  r.  these  parameters.  Hot  h  blood  pressure  and  heart  rate 
always  return=>d  to  ncrmal  values  within  1  minute  follcvirc 
release  of  the  contraction.  Rased  on  the  data  from  this 
investigation  and  previous  studies,  these  investigators 
concluded  that  at  tensions  less  than.  1 5"  MVC,  the 
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cardiovascular  system  was  able  *0  maintain  an  adequate 
blood  suoDly  to  the  active  muscles  for  an  indefinite 
period  of  *ime,  but  at  tensions  greater  than  15%  MVC, 
fatigu®  was  inevitable  du<=  to  an  insufficient  blood 
supply.  The  blood  flow  to  the  active  tissue,  and 
therefore  the  duration  of  the  contraction,  was  dependent 
on  the  relative  tension  of  the  contracting  muscle  mass. 

Lind  and  McNicol(9)  next  set  out  to  investigate  the 
cardiovascular  chances  to  isometric  contractions  performed 
in  combination  with  other  exercises,  both  dynamic  and 
static.  Using  four  subjects,  2  0*  handgrip  (c  minute 
duration),  30%  (2.5  minutes),  and  50%  (about  1  minute; 
until  fatigue)  HVCs  were  each  performed  during  treadmill 
walking  at  *hree  different  work  rates  (1.1,  1.7,  and  2.9 
1/min).  Svstolic  blood  pressure  was  measured  at  30  second 
intervals  via  ausculta-ion  and  hear*  rate  was  monitored 
via  a  continuous  BCG.  Both  of  these  parameters  showed  a 
continuous  ris°  during  each  isometric  contraction  period. 
»l*hough  absolute  values  differed,  increments  of  change 
were  similar  (systolic  blood  pressure  increased  30  mmHg, 
u0  mmug,  ar.d  45  mmHg,  at  20,  30,  and  50*  (*VC  respectively) 
for  all  workloads. 

Again  using  *he  same  four  subjects,  the 
cardiovascular  changes  were  observed  when  ther®  was  an 
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i  some  *ric  contrac-ior  of  the  right  hard  alone?,  right  hip 
flexors  alone,  and  the  right  hip  flexors  simultaneously  a* 
identical  relative  tensions  during  each  set  of 
contractions.  Increments  of  chanae  in  bo‘h  heart  rate  and 
svstclic  blood  pressure  were  similar  for  all  combinations 
of  contractions  at  each  of  the  intensities  investigated 
(20,  ^0,  50"  MVC)  .  Similarly,  using  control  handgrip 
contractions  of  10  and  20%  KVC,  the  preceding  combination 
or  contractions  w=>re  simultaneously  performed  at  30  and 
^0%  1 VI  respectively.  Observed  increments  of  change  were 
similar  to  those  observed  during  the  previous  sets  of 
isometric  contractions. 

eased  or.  these  ''.ndings,  the  authors  concluded  that: 
C)  the  increase  in  bicod  pressure  resulting  from  an 
isometric  contraction  performed  during  a  steady-state 
dynamic  exercise  will  not  be  influenced  by  the  dynamic 
component:  the  amount  of  change  will  be  the  same  as  if  the 
isometric  contractions  were  performed  without  the  dynamic 
exercise,  (2)  the  pressor  response  resulting  from  two  or 
more  simultaneous  isometric  contractions  will  be  regulatcd 
hv  the  contraction  at  the  highest  percent  MVC,  and  (31 
during  an  isometric  contraction,  the  magnitude  of  change 
in  blood  pressure  is  dependent  on  the  percent  ivc  of  the 
contracting  muscle  reaardless  of  the  mass  involved.  They 
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do  hypothesize,  though,  tvat  "...there  may  be  a  lower 
limi*-  of  muscle  mass  which  elicits  the  response...". 

Ilnd  and  McNicol,  conceding  to  the  fact  that  although 
‘he  cardiovascular  responses  observed  in  the  previously 
described  studies  may  have  been  correct,  these  changes  had 
been  produced  under  controlled,  artificial  environmental 
conditions  and  it  was  possible  that  identical  changes 
would  not  occur  in  a  situation  which  more  closely 
simulated  daily  activities.  This  was  the  basis  behind  the 
design,  of  their  next  study(fi).  while  standing,  ten  right 
handed  subjects  hexd  a  20  kg  w«»ioht  for  2.5  minutes  in  the 
righ1-  hand  alone,  in  the  left  hand  alone,  and  in  each  hand 
simultaneously.  Blood  pressure  was  measured  at  30  second 
intervals  via  auscultation  using  a  microphone  stethoscope 
and  heart  rate  was  mcni*ored  continuously  by  SCG.  All  ter. 
subiects  showed  identical  pa*-  ‘ er n s  of  response: 
contir.ously  increasing  systolic  and  diastolic  blood 
pressures  and  heart  rate  during  the  contractions,  all 
three  of  which  quickly  returned  to  normal  values  followino 
release  of  the  contraction.  The  average  mean  blood 
pressure  (diastolic  ♦  1/3  pulse  pressure)  increase  to 
holding  *he  weight  in  the  lef*-  hand  alone  or  in  each  hand 
simultaneously  was  u ?  mmHg,  while  the  corresponding  value 
for  the  righ*  han*  was  only  3C  mmHg.  Hea.t  rate  increases 
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were  22  and  19  beats/min  resoecti vely.  Each  subject  then 
lifted  no  kg  in  a  specially  designed  shoulder  harness. 

The  heart  rate  and  mean  blood  pressure  showed  initial 
increases  of  6  beats/mir.  and  23  mmHg,  respectively,  which 
were  -her  maintained  constant  until  the  weight  was 
released.  Eased  on  conclusions  from  previous 
investigations  (5, 9)  this  exercise  was  defined  as  a  non¬ 
fatiguing  contraction. 

»c  demonstrated  by  holding  different  amounts  of 
weigh-,  when  a  non-fatiguing  weight  was  held  in  either 
hand  alone,  in.  both  hands  simultaneously,  or  carried  in 
the  shoulder  harness,  both  the  mean  blocd  pressure  and 
heart  rate  plateaued  and  remained  constant  throughout  the 
remainder  of  the  cxercise,  whereas  during  an  exercise 
involving  a  fatiguing  amount  of  weight  both  the  stated 
parameters  maintained  a  coRStar.*  increase  throughout  the 
entire  exercise  bout.  Using  these  patterns  of  response  as 
a  guide,  stretcher  carrying  by  hand  was  identified  as  a 
fatiguing  exercise  but  when  carried  by  the  shoulder 
harness  was  non-fatiguing.  This  investigation, 
demonstrating  the  different  patterns  of  cardiovascular 
response  to  fatiguing  and  nor.-f  at  iguing  contractions  (5, 9)  , 
lends  support  to  the  suoposition  that  the  pressor  response 
is  determined  primarily  by  the  muscle  group  isomet ricallv 
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contracting  a*  the  highest  percent  !*vc  durino  a  physical 
act  iv  !*■  y . 

while  investigating  fatigue  due  to  isometric 
cor.tracti  or.s,  punderfcurk,  et  al.  (25)  used  handgrip 
contractions  oe  2''',  uo,  and  50*  * VC  to  produce  fatigu®. 
'"heir  da*a  showed  that  for  all  three  relative  tensions, 
the  patterns  of  response  to  cr.ar.ges  in  blood  pressure  and 
absolute  mean  blood  pressure  (diastolic  ♦  1/3  pulse 
pressure)  obtained  wer°  all  v°ry  similar,  but  that  the 
ratee  of  change  were  more  abrupt  at  the  higher  relative 
tensions.  The  higher  percentage  MVC  also  caused  a  larger 
heart  rat°  increase.  mhe  results  from  *his  investigation 
supported  the  assumption  that  blood  pressure  changes 
resulting  rrom  an  isometric  exercise  are  due  to  a  reflex 
stimulation  derived  from  a  chemical  response,  most  likely 
accumulation  of  potassium  ions  in  the  muscle,  but  that 
there  is  a  central  nervous  system  stimulus  governing  the 
increase  in  the  heart  rate. 

TcCloskey  and  Stratf ield  (1 0)  used  both  animal  and 
human  subjects  for  their  investigation  of  the  muscle 
reflex  stimulation  tc  *he  cardiovascular  system  during 
isometric  contractions.  nsin.g  anaesthetized  dogs  and 
cats,  they  stimulated  the  ventral  roots  of  the  hind  limbs 
while  observing  the  blood  pressure  and  heart  rate  changes. 
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Blood  pressur®  changes  to  bilateral  hir.d  limb  stimulation 
(ranair.g  from  20-59  rnmHg)  was  greater  than  the 
corresponding  ranae  (10-35  rnmHg),  for  unilateral 
stimulation  in  13  of  the  15  animals. 

using  10  human  subjects,  the  muscle  reflex  stimulus 
was  studied  by  comparing  the  post -exercise  occlusion  blood, 
pressure  values  to  those  obtained  during  the  last  15 
seconds  a  1  to  1.5  minute  <10*  MVC  of  two  different  size 
muscle  masses,  those  producing  handgrip  and  ♦hose 
producing  a  *rigger  Full  of  *hs  little  finger.  During  the 
handgrip  contraction  the  systolic  blood  pressure  values 
ranged  from  140-1°0  rnmHg  while  the  respective  small  mass 
value  ranged  from  1H8-192  mmHo.  During  the  1  to  1.5 
nrnute  post-ex»=rcise  occlusion  period,  there  was  an 
initial  drop  of  the  svstolic  blood  pressure,  but  it 
remained  at  a  pressure  higher  than  resting  throughout  the 
entire  period.  For  each  subject,  the  post-exercise 
occlusion  pressure  was  higher  for  handgrip  than  for  the 
small  mass  contraction.  The  authors  concluded  that,  while 
the  results  coincided  with  findings  of  other  investigators 
that  *he  5o*al  pressor  response  is  proportional  to  the 
percentage  of  HVC  obtained  in  the  isometrically 
contracting  muscle  (2  ,6, 8, 9, 1 7) ,  the  muscle  reflex 
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component  of  this  response  will  vary  according  to  the  size 
of  the  contracting  muscle  mass. 

Summary 

This  chapter  discussed  the  t^st-retest  correlation 
coefficients  for  repeated  MVC  and  isometric  endurance 
cor.tr  act  ions  obtained  during  previous  studies.  Also 
Dreser.ted  were  thorough  reviews  of  studies  which  have 
investigated  the  blocd  pressure  response  to  sustained 
isometric  contractions.  Easic  concepts  derived  from  these 
studies  are;  1)  a‘  isometric  tensions  less  than  t".vc 

the  systolic  blood  pressure  will  show  an  initial  increase 
in  response  to  th*  contraction,  then  remain  at  steady 
state  until  the  contraction  is  terminated,  2)  at  tensions 
greater  than  15%  3VC  there  will  be  a  continuous  increase 
in  the  systolic  blood  pressure  throughout  the  entire 
duration  of  the  isometric  contraction,  3)  there  appears  to 
be  a  positive  correlation  between  the  rate  of  change  in 
systolic  blood  pressure  and  percent  mvc,  and  4)  the 
systolic  blood  pressure  response  is  believed  to  be 
regulated  by  the  percent  maximal  voluntary  strength  at 
which  the  muscle  is  contracting  and  is  independent  of  th® 
size  of  the  isome'-r ical ly  contracting  muscle  mass. 
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The  methods  used  to  monitor  and  characterize  the 
blood  pressure  responses  in  the  preceding  studies  varied. 
Blood  pressures  were  measured  either  by  auscultation  or  by 
arterial  or  aortic  cath er izat ion.  There  was  no 
standardized  procedure  for  presenting  the  results  of  *hese 
studies.  Blood  pressures  were  presented  as  peripheral 
systolic  blood  pressures,  mean  {diastolic  ♦  1/3  pulse 
pressure)  blood  pressures,  and  mean  aortic  blood 
pressures.  "he  changes  in  blood  pressure  were  expressed 
either  as  absolute  values  or  increments  of  change  per  unit 
time,  but  no  two  studies  used  the  same  time  intervals  for 
expressing  their  respective  results. 

The  issue  of  the  reproducibility  or  reliability  of 
the  methods  used  to  monitor  blood  pressure  was  not 
discussed  in  any  of  the  studies.  All  of  tnese  studies 
used  relatively  small  numbers  of  subjects.  These  studies 
failed  to  eliminate  or  consider  the  potential 
contributions  of  accessory  muscle  activity  -•-o  the  observed 
blood  pressur®  response. 
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CHAPTER  III 

PROCEED RE  FOR  OBTAINING  DATA 


Subjects 

Subjects  for  this  study  were  21  males  between  the 
ages  of  20  and  35  years.  Potential  subjects  were  screened 
via  a  medical  history  form  (Appendix  A)  which  was  reviewed 
by  a  physician.  A  resting  systolic  blood  pressure  in 
excess  of  130  amHg  excluded  an  individual  from 
participating  in  the  study. 


Recorder.  A  Beckman  eight -channel  type  R  recorder 
(Figure  1)  was  used  to  produce  a  permanent  record  with  a 
common  time  scale  of  all  parameters  being  measured.  The 
handgrip  and  index  finger  adduction  dynometers  were 
coupled  to  the  recorder  through  type  9803  strain  gage 
couplers.  The  systolic  blood  pressure  signal  was  recorded 
using  a  type  9863A  indirect  blood  pressure  coupler.  A 
type  9608A  A-C  coupler  was  used  to  produce  the  doppler 
blood  flow  signals.  EHG  signals  were  transformed  using 
type  9852A  direct-average  EHG  couplers.  Each  of  the 


couplers  was  connected  to  a  type  481 B  preamplifier  and  a 
type  482  amplifier (Figure  2). 

Blood  pressure  equipment.  The  system  for  measuring 
systolic  blood  pressure  (Figures  3,4,5  excluding  recorder) 
consisted  of  (1)  the  Beckman  type  R  chart  recorder,  (2)  a 
Beckman  9863%  indirect  blood  pressure  coupler,  (3)  an 
automated  Godart  (model  15100A)  non-invasive  blood 
pressure  monitor,  (4)  a  23.75  x  5.5  inch  sphygmomanometer 
arm  cuff,  (5)  a  Korotkoff  sound  microphone  (a  component  of 
a  Sphygmostat  Model  B-350  blood  pressure  monitoring  system 
from  Technical  Resources  Incorporated) ,  (6)  a  model  802-A 
Parker  Electronic  Laboratory  Doppler  ultrasonic  blood  flow 
monitor,  and  (7)  a  Beckman  9608  A  A-C  coupler. 

The  Korotkoff  microphone  was  placed  over  the  brachial 
artery  of  the  non-exercising  arm.  The  Korotkoff  sounds, 
superimposed  on  the  pressure  curve  tracing  from  the  arm 
cuff,  were  recorded  on  channel  3  of  the  recorder. 

Using  Parker  Laboratories  Aquasonic  100  transmission 
gel  for  the  coupling  medium,  the  Doppler  transducer  probe, 
consisting  primarily  of  two  piezoelectric  crystals, 
transmitted  the  blood  flow  signals  from  the  radial  artery 
of  the  non-exercising  arm  to  the  electronic  control  unit 
and  amplifier.  The  signals  were  then  coupled  through  the 
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A-C  coupler  to  produce  a  signal  record  on  channel  h  of  the 
recorder. 

Force  measuring  equipment.  The  system  for  measuring 
the  force  during  index  finger  adduction  (Figure  6) 
consisted  of  a  platform  with  stabilizing  dowels,  padding, 
strap  and  an  "0"  ring  force  transducer  which  was  coupled 
to  the  recorder  through  a  type  9803  Beckman  strain  gage 
and  recorded  on  channel  1  of  the  chart  record.  A 
turnbuckle  was  used  between  the  "0”  ring  and  a  stationary 
post  to  allow  for  adjustments  needed  to  standardize  the 
position  of  the  index  finger  during  isometric 
contractions. 

The  force  produced  during  the  handgrip  was  monitored 
using  the  dynamometer  pictured  in  Figure  7.  This  force 
was  recorded  on  channel  2  of  the  recorder.  The  "0"  ring 
and  finger  bar  were  suspended  between  the  vertical 
uprights  and  the  distance  between  the  finger  bar  and  the 
upright  to  which  it  was  attached  was  adjustable  via  the 
turnbuckle  connecting  the  "C"  ring  to  the  distal  vertical 
upright.  This  was  necessary  to  be  able  to  standardize  the 
position  of  the  fingers  during  the  isometric  power  grip. 

The  force  transducers  were  calibrated  prior  to 
beginning  the  study  and  again  each  day  prior  to  data 
collection.  The  smaller  ’’O"  ring  was  calibrated  to 
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3,000gt  (6.61  lbs)  and  was  checked  each  day  using  at  least 
three  weights  to  verify  its  accuracy.  The  large  "0H  ring 
was  calibrated  to  165.5  lbs  and  was  similarly  checked  for 
accuracy  daily.  All  weights  used  for  calibration  were 
verified  on  scales  aeeting  0. S.  standard  weights  and 
measures  certification.  A  more  detailed  description  of 
the  calibration  procedure  and  the  data  resulting  frcm  the 
original  calibration  procedure  for  each  transducer  are 
found  in  Appendix  B. 

EHG  equipment.  Surface  EMG  activity  was  recorded 
using  Beckman  #214712  silver/silver  chloride  electrodes 
having  an  electrode  size  of  11  mm  diameter  actual  pick  up 
diameter  of  2.5  mm.  Using  the  9852A  direct-average  EHG 
couplers,  the  surface  EHG  activity  was  recorded  on 
channels  5-8  of  the  recorder. 

Sethgd 

The  two  exercises  selected  to  represent  the  different 
size  muscle  masses  were  index  finger  adduction  and 
handgrip.  Although  ether  investigators  have  used  other 
muscle  functions  to  represent  a  relatively  small  muscle 
mass  (9,  10,  26)  it  was  determined  through  pilot  EHG  work 
that  index  finger  adduction  was  the  smallest,  most 
dexterous  muscle  function  that  produced  the  least  amount 
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of  extraneous  auscle  activity  that  our  subjects  would  be 
able  to  perform.  This  acticn  is  performed  by  the  first 
volar  interossei  (27,28,29,30).  A  very  functional, 
natural  movement,  the  handgrip  was  selected  as  our 
relatively  large  auscle  mass.  The  prime  movers  and 
stabilizers  of  tnis  activity  are  the  flexor  digitorium 
superficialis  and  profundus,  extensor  carpi  radialis, 
opponens  pollicis,  flexor  pollicis  longus  and  brevis, 
abductor  pollicis  lorgus,  and  adductor  pollicis  (27,28). 

Using  the  estimated  40%  MVC  for  each  of  the  twc 
exercises  obtained  ir  the  initial  session,  a  40%  MVC 
fatigue  contraction  cf  each  exercise  was  performed  during 
each  of  two  succeeding  sessions.  Systolic  blood  pressures 
were  measured  prior  to  the  start  of  the  fatigue 
contractions  and  approximately  every  20  seccnds  during  the 
contractions.  When  it  was  evident  that:  1)  the  subject 
could  no  longer  hold  the  designated  40%  tension  or  2) that 
the  accessory  EHG  activity  was  above  the  10%  cut-off 
level,  the  sustained  contraction  was  terminated. 

Following  each  40%  fatigue  contraction,  maximal  EMG 
activity  of  the  accessory  muscles  and  100%  MVC  of  the 
isometric  contraction  were  determined.  The  subjects 
performed  a  maximal  voluntary  strength  determination  for 


each  of  the  two  different  size  nuscle  groups  daring  the 
final  session. 

Index  finger  adduction. The  subject  was  seated  in  a 
chair  next  to  the  dynaaoeeter  with  his  ara  in  30-45°  of 
abduction  and  0°  flexion  and  his  elbow  flexed  90°.  The 
foreara  and  hand  were  stabilized  in  the  dynaaometer  as 
illustrated  in  Figure  8,  and  the  finger  ring  was  placed  on 
the  index  finger  such  that  the  proxinal  edge  of  the  ring 
was  even  with  the  distal  interphalangeal  (DIP)  joint  line. 
The  turnbuckle  between  the  "0"  ring  and  the  post  was  then 
adjusted  to  position  the  index  finger  in  15°  of  abduction. 
At  the  given  signal,  the  subject  performed  an  isometric 
contraction  pulling  against  the  force  transducer. 

Handgrip.  The  subject  was  seated  in  the  chair  beside 
the  dynaaometer  such  that  his  ara  was  in  neutral  position 
in  the  sagital  plane,  abducted  30-45°,  and  the  elbow 
flexed  80-90°.  He  then  gripped  the  finger  bar  and 
proximal  stabilizing  post.  The  distance  between  the  bar 
and  post  was  adjusted,  following  trial  contractions,  to  a 
distance  that  the  subject  said  was  aost  comfortable (Figure 
9).  At  the  given  signal,  the  subject  performed  an 
isoaetric  power  handgrip. 

^ystqljc  blood  pyessurf.  The  accuracy  of  the 
indirect  blood  pressure  monitoring  systea  was  tested  via 


the  auscultatory  method  using  a  stethoscope  and  a  mercury 
manometer  (Appendix  C) .  Trior  to  each  experimental 
session,  the  Beckman  pressure  transducer  system  chart 
output  was  calibrated  with  the  Beckman  anaeroid  gauge. 
Using  200  mmHg  as  four  centimeters  deflection  on  the  chart 
paper,  the  system  was  calibrated  by  progressively 
increasing  and  decreasing  the  cuff  pressure  through  the 
full  range  (0  to  200  mmHg) . 

The  first  distinct,  sharp  spike  was  indicative  of 
blood  passing  through  the  artery  under  the  pressure  cuff 
and  was  therefore  judged  to  represent  the  systolic  blood 
pressure  from  the  brachial  artery.  If  the  first  Korotkoff 
spike  was  questionable,  signals  produced  from  the  Doppler 
blood  flow  transducer  were  used  to  decide  which  Korctkoff 
signal  was  valid.  During  the  initial  validation  of  the 
blood  pressure  monitoring  system,  it  was  determined  that 
the  Korotkoff  signal  prior  to  the  initial  Doppler  signal 
was  indicitive  of  the  systolic  blood  pressure.  This 
criteria  was  therefore  used  to  determine  the  systolic 
blood  pressure  from  the  pressure  curve  if  it  was 
questionable  which  Korotkoff  signal  to  use.  The  validity 
of  the  Doppler-cuff  nethcd  had  been  established  during  a 
previous  study  performed  in  this  laboratory  (31 ) .  The 


pressure  cuff  was  calibrated  daily  prior  to  data 
collection. 

By  using  both  the  Godart  pump  and  a  bulb,  the 
pressure  in  the  cuff  could  be  increased  rapidly.  When 
this  pressure  exceeded  the  systolic  blood  pressure,  as 
indicated  by  a  loss  cf  the  Doppler  signals,  the  pressure 
was  allowed  to  bleed  out  through  the  pump  at  a  slow 
constant  rate.  When  the  pressure  reached  the  systolic 
blood  pressure  and  less,  the  Korotkoff  signals  appeared  on 
the  pressure  curve  ard  the  Doppler  signals  returned. 

After  Korotkoff  and  Doppler  signals  were  recorded  on  the 
chart  paper  the  regaining  pressure  was  allowed  to  rapidly 
bleed  out  through  both  the  pump  and  bulb.  This  procedure 
was  begun  prior  to  the  start  of  the  contraction  to  enable 
the  investigator  to  get  a  systolic  blood  pressure  reading 
during  the  early  phase  (the  first  5  sec.)  of  the 
contraction,  and  was  repeated  as  often  as  possible 
throughout  the  duration  of  the  contraction.  An  average  of 
20  seconds  elapsed  between  blood  pressure  measurements 
with  an  average  of  seven  measurements  obtained  during  the 
sustained  adduction  contractions  and  six  during  the 
handgrip  contractions. 

BUG.  Using  anatomical  and  kinesiological  information 
it  was  determined  that  the  most  likely  accessory  muscle 
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activity  would  be  recorded  by  monitoring  the  skin  surface 
over  the  bellies  of  the  wrist  flexors  (flexor  carpi 
radialis)  ,  wrist  extensors  (extensor  carpi  ulnaris)  ,  and 
the  biceps  and  triceps  during  index  finger  adduction  and 
the  biceps,  triceps,  anterior  deltoid  and  pectoralis  major 
during  handgrip  (27,28,  29,30).  The  muscles  to  be 
monitored  were  palpated  during  a  manual  muscle  test 
(29,32,33)  and  a  5  cm  equilateral  triangle  was  marked  over 
the  corresponding  areas.  Using  anatomical  landmarks  on  an 
average  size  adult  male  as  reference  points,  the  location 
of  the  electrodes  was  standardized  (Appendix  D)  . 

The  skin  surface  where  the  electrodes  were  to  te 
placed  was  abraded  with  #h00  emory  cloth.  Using  Beckman 
Electrode  Electrolyte  as  the  coupling  medium,  the 
electrodes  were  attached  with  adhesive  discs  to  the  skin, 
and  the  interelectrode  resistance  measured.  If  this  was 
not  less  than  5000  ohms  between  any  two  of  the  three 
electrodes,  they  were  removed  and  the  skin  reprepared. 

During  pilot  work  in  preparation  for  this  study 
simultaneous  direct  and  integrated  EMG  signals  recorded 
from  the  same  set  of  surface  electrodes  demonstrated  that 
only  extreme  movement  of  the  EMG  cables  produced  a  motion 
artifact  that  could  contaminate  the  recorded  integrated 
tracing.  Similarly  it  was  shown  that,  under  the  conditions 


existing  in  the  laboratory,  the  recorded  integrated  EMG 
tracings  were  free  of  environmental  artifacts.  There 
were,  however,  EKG  artifacts  present  in  some  of  the  EMG 
signals  recorded  froa  subjects  anterior  deltoid  and 
pectoralis  major  muscles  during  the  study.  This  was  first 
noticed  when  the  EMG  signal  from  a  subject  was  changed 
from  integrated  to  direct  as  a  check  for  contamination  of 
the  integrated  EMG  recording.  If  the  EMG  activity  frcm 
either  the  anterior  deltoid  or  the  pectoralis  major  was 
established  as  the  cutoff  criteria  for  the  40XMVC 
contraction,  it  was  checked,  by  changing  from  integrated 
to  direct,  for  EKG  contamination.  No  EMG  tracings 
contaminated  by  EKG  artifacts  were  used  fcr  establishing 
the  end  point  of  an  exercise. 

Plfi£§dvjte_for_Dala_Acguisiti2n 

Prior  to  data  acquisition,  each  subject  was  given  a 
subject  information  form  and  signed  a  subject  consent  form 
(Appendix  A) . 

At  least  four  exercise  sessions  were  required  with 
each  subject.  There  was  at  least  one,  but  not  more  than 
four,  days  between  each  session;  sessions  were  not 
conducted  on  weekends.  In  order  to  control  diurnal 
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variation  sessions  were  conducted  at  the  sane  time  cf  day, 
±2  hours. 

The  order  of  presentation  of  the  two  different 
exercises  during  the  first  session  with  each  subject  was 
determined  via  a  random  number  table.  This  order  of 
presentation  was  repeated  again  during  the  session  in 
which  the  third  fatigue  ccntracticns  were  performed 
(session  3) .  The  order  of  presentation  for  the  session  in 
which  the  second  fatigue  contractions  were  performed 
(session  2)  and  for  the  last  session  (session  4)  was 
opposite  of  that  during  sessions  1  and  3.  This  reversal 
of  the  order  of  presentation  was  used  to  eliminate  any 
bias  due  to  the  order  of  presentation  of  the  exercises. 

During  all  isometric  contractions,  the  subjects  were 
given  verbal  motivation  by  the  investigator  to  produce 
maximal  tension  and  to  sustain  the  endurance  contractions 
as  long  as  possible. 

Systolic  blood  pressure  measurements  were  taken  only 
during  sessions  2  and  3. 

The  subjects  were  not  allowed  to  observe  the  chart 
needle  deflection  from  the  dynamometers  during  MVC 
determinations,  however,  during  the  40%  MVC  the  subjects 
■nonitored  their  tension  by  observing  the  needle 
deflections.  The  subjects  were  instructed  to  do  their 
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best  to  aaintain  a  straight  line  at  a  predetermined  level 
indicated  by  a  mark  on  the  chart  paper.  A  mark  was  Bade 
on  the  appropriate  channel  of  the  chart  paper  indicating 
the  40*  MVC  of  the  respective  exercise,  and  the  subject 
was  instructed,  as  the  chart  paper  advanced,  to  draw^as 
straight  a  line  as  possible  at  this  level.  Even  though  the 
subject  was  monitoring  the  tension  himself,  the 
investigator  was  continually  giving  verbal  feedback  to 
keep  the  tension  as  constant  as  possible. 

Session  1.  The  subject  was  set  up  in  the  appropriate 
dynamometer  and  maxixal  isometric  tension  was  determined. 
For  this  study,  maxixal  isometric  tension  had  been  defined 
as  the  mean  value  of  three  brief  isometric  contraction 
each  of  3  seconds  duration  and  with  1  minute  rest  between 
contractions.  After  allowing  at  least  a  5  minute  rest, 
the  subject  was  set  up  in  the  other  dynamometer  and 
performed  a  maximal  isometric  tension  determination  of  the 
second  exercise.  EMG  electrode  sites  were  marked, 
prepared,  and  the  surface  electrodes  were  attached,  after 
which  the  interelectrode  resistance  was  measured.  An 
appropriate  sensitivity  setting  was  then  determined  for 
each  of  the  four  muscle  groups  being  monitored.  The 
subject  then  performed  a  40*  MVC,  based  on  the  MVC  just 
determined,  of  the  second  exercise.  This  40%  contraction 
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was  held  until  either  1)  the  subject  could  no  longer 
maintain  the  contraction,  or  2)  tbs  integrated  EMG  tracing 
of  any  of  the  four  areas  being  monitored  exceeded  10mm 
from  its  baseline.  Since  maximal  needle  deflection 
possible  for  an  ENG  record  was  50  mm,  the  width  of  a 
channel  on  the  chart  paper  used,  if  the  needle  was 
deflected  10  mm  (20*  of  the  channel  width)  it  would  have 
greatly  exceeded  the  maximum  accessory  muscle  EMG  allowed 
for  this  study.  A  minimum  of  3  minutes  was  allowed  for 
rest,  after  which  a  maximal  muscle  contraction  for  each  of 
the  accessory  muscle  groups  being  monitored  for  EMG 
activity  was  performed.  The  integrated  EMG  activity 
recorded  during  this  maximal  contraction  was  the  100* 
value  upon  which  the  10*  cut-off  level  for  the  accessory 
muscle  activity  was  based.  The  electrode  positions  for 
the  other  two  muscle  areas  to  be  monitored  were  prepared, 
the  appropriate  EMG  electrodes  were  moved,  and  the 
inter  electrode  resistance  measured.  The  subject  was  then 
repositioned  in  the  initial  dynamometer  and  performed  a 
40*  M vc  contraction  based  on  the  respective  MVC  determined 
at  the  first  of  the  session.  Again,  following  at  least  a 
3  minute  rest,  the  integrated  EMG  activity  of  the 
monitored  muscle  groups  was  recorded  during  a  maximal 
contraction  of  the  respective  accessory  muscle  groups. 


After  removal  of  the  electrodes  and  changing  the 
dynamometers,  which  allowed  at  least  a  5  minute  rest,  MVC 
deter einat ions  were  again  performed  for  both  exercises,  in 
reverse  order  of  that  during  the  first  part  of  the 
session. 

The  40%  MVC  values  to  be  used  for  the  fatigue 
contractions  during  sessions  2  and  3  were  calculated  from 
the  two  100%  MVC  trials  performed  during  session  1.  If 
the  endurance  time  of  a  sustained  contracticn  performed 
during  session  1  was  greater  than  or  equal  to  150  seconds, 
the  higher  of  the  two  respective  100%  MVC  values  was  used 
to  calculate  the  40%  MVC  value.  If  the  endurance  time  of 
the  sustained  contraction  was  less  than  or  equal  to  45 
seconds,  the  lower  1 C0%  MVC  value  was  used.  This  protocol 
was  based  on  studies  which  indicated  a  range  of  45  to  150 
seconds  for  a  sustained  40%  MVC  (2  ,9,10,11  ,25,34)  .  Hith 
adduction,  the  smaller  of  the  two  100%  MVC  values  was  used 
for  three  of  the  21  subjects.  The  larger  of  the  twc  MVC 
values  was  used  for  all  40%  calculations  fcr  handgrip. 

No  blood  pressures  were  taken  during  this  session;  it 
was  used  to  acquaint  the  subjects  with  the  equipment  and 
what  to  expect  during  the  following  sessions. 


Session  2.  Using  marks  made  during  the  initial 
session,  the  EMG  electrodes  were  positioned  for  the 
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appropriate  exercise.  Next  the  blood  pressure  aonitoring 
equipment  was  attached  and  a  resting  systolic  blood 
pressure  was  recorded.  The  inter  electrode  resistance  was 
then  aeasured  and  an  appropriate  sensitivity  for  the  EMG 
was  selected.  The  subject  was  positioned  in  the 
appropriate  dynanoaeter (Figure  10).  Systolic  blood 
pressure  was  aonitored  until  it  was  within  10  mmHg  of  the 
systolic  blood  pressure  taken  previously,  this  being  the 
criteria  used  to  define  a  stable,  resting  systolic  blood 
pressure.  After  a  resting  systolic  blood  pressure  value 
had  been  established,  the  subject  performed  a  40%  M¥C 
based  on  the  respective  100%  MVC  determined  in  session  1. 
When  the  subject  could  no  longer  maintain  the  proper 
tension  or  when  any  cne  of  the  EMG  recordings  exceeded 
10mm  deflection  on  the  chart  paper,  the  contraction  was 
terminated.  EHG  activity  during  a  maximal  contraction  of 
the  aonitored  muscle  groups  was  obtained  as  in  session  1. 

The  appropriate  EMG  electrodes  were  changed  and  the 
interelectrode  resistance  was  measured  between  these 
electrodes.  The  subject  was  then  positioned  in  the  second 
dynamometer.  When  the  systolic  blood  pressure  was  stable, 
within  10  mmHg  of  the  initial  systolic  blood  pressure 
recorded  during  the  first  part  of  the  session,  the  subject 
performed  a  sustained  40%  MVC  of  the  second  exercise.  The 


fl7 

exercise  was  terminated  using  the  criteria  previously 
stated.  Maximal  ENG  activity  was  recorded  in  the  same 
Banner  as  before. 

Session  3.  The  procedure  for  data  acquisition  during 
session  3  was  identical  to  that  of  session  2,  except  that 
the  order  of  presentation  of  the  exercises  was  reversed. 

Session  U.  The  order  of  presentation  of  the 
exercises  was  the  sane  as  that  in  session  3.  The  subject 
was  positioned  in  the  appropriate  dynamometer  and  100%  MVC 
was  determined.  Following  at  least  a  5  minute  rest,  100% 
MVC  was  determined  for  the  second  exercise. 

Procedure  for  Data  B educt ion 

Osing  a  paper  speed  of  .  2  cm/sec  during  the  first  and 
fourth  sessions  and  a  speed  of  .5  cm/s ec  during  the  second 
and  third  sessions,  permanent  records  were  produced  during 
each  contraction.  Appendix  E  illustrates  a  portion  of  a 
chart  record  produced  by  a  subject  during  session  2. 

MVC.  The  first  three  100%  MVC  values  within  a  10mm 
range  (1.3  pounds  for  index  finger  adduction  and  28  pounds 
for  handgrip)  were  averaged  to  calculate  the  value  for  an 
MVC  determination.  If  two  contractions  were  within  this 
range  and  the  other  was  greatly  increased  or  decreased, 
additional  contractions  were  performed.  Some  subjects 
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actually  performed  as  aany  as  seven  brief  naxiaal 
contractions  before  three  values  within  this  10aa  range 
were  obtained.  There  were  29  out  of  a  total  of  104  index 
finger  MVC  determinations  when  more  than  three  brief 
contractions  were  performed  fcr  an  index  finger  adduction 
HVC  determination.  In  11  of  these  29  instances  the  three 
brief  tensions  included  the  highest  of  the  recorded 
values.  In  the  other  18  instances  the  three  brief 
tensions  averaged  for  the  MVC  determination  did  not 
include  the  highest  cf  the  recorded  tensions.  In  13  of 
these  18  tines  the  highest  brief  contraction  value 
recorded  (but  not  used)  was  greater  than  the  highest  of 
the  five  HVC  deterainations  for  the  respective  subject. 
Although  there  were  13  separate  MVC  determinations  cf 
concern,  they  involved  only  seven  different  subjects. 
Similarly,  there  were  eight  instances  when  more  than  three 
brief  contractions  were  taken  for  a  handgrip  MVC 
determination.  Of  these  eight,  there  were  six  instances 
when  the  three  brief  contraction  values  averaged  for  the 
HVC  determination  included  the  highest  of  the  recorded 
tensions.  The  remaining  two  instances  did  not  use  the 
highest  recorded  tension  for  the  respective  MVC 
determination.  In  bcth  of  these  cases,  though,  the 
highest  brief  contraction  value  recorded  (but  not  used) 


was  less  than  the  highest  of  the  respective  subject's  five 

« 

MVC  determinations. 

40%  MVC  tension.  When  the  tension  during  a  40%  MVC 
contraction  was  decreased  more  than  10%  below  the 
calculated  40%  tension  for  longer  than  5  seconds  the  chart 
record  was  marked  to  indicate  the  termination  of  the 
experimental  contraction. 

EMG  activity.  The  10%  allowable  accessory  muscle  EMG 
activity  was  determined  for  each  muscle  group  for  each 
session  based  on  the  100%  activity  recorded  for  the 
respective  groups  during  the  respective  session,  when  the 
EMG  activity  recorded  during  the  40%  contraction  exceeded 
this  10%  level,  the  chart  record  was  marked  to  indicate 
the  termination  of  the  experimental  contraction. 

Duration  of  contraction.  The  duration  of  a 
contraction  was  determined  by  calculating  the  time 
interval  between  the  onset  and  termination,  due  to  either 
decreased  tension  or  excessive  EMG  activity,  of  the 
contraction  using  the  time  interval  marks  produced  fcy  the 
recorder. 

Systolic  blood  rressurg.  The  first  distinct,  sharp 
spike  produced  by  the  Korctkoff  microphone,  as  compared  to 
artifacts,  on  the  decreasing  pressure  curve  was 
interpreted  as  the  systolic  blood  pressure.  If  there  was 
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not  a  clear  distinction  between  the  artifacts  and  the 
first  sharp  spike,  the  Doppler  signal  was  used,  as 
described  previously,  to  interpret  the  systolic  blocd 
pressure.  Only  systolic  blood  pressures  recorded  prior  to 
the  cut  off  time  as  determined  by  either  the  decreased 
level  of  isometric  tension  or  excessive  EMG  activity  were 
used  for  data  reduction.  Repeated  systolic  blood  pressure 
measurements  were  obtained  during  the  sustained  40%  NVC 
contractions.  For  bcth  the  index  finger  adduction  and 
handgrip  contractions  the  first  exercising  systolic  blood 
pressure  measurement  was  taken  within  the  first  7  seconds 
of  the  sustained  contraction.  Individual  regression 
lines,  in  the  form  y  =  mx  ♦  b,  of  systolic  blood  pressure 
versus  time  were  calculated  for  each  sustained  contraction 
performed  by  each  subject  during  sessions  2  and  3.  These 
regression  lines  were  considered  the  criterion  measures  of 
the  systolic  blood  pressure  responses  to  the  sustained 
40%  M vc  contractions. 

pethods  of  Statistical  Analysis 

The  Statistical  Analysis  System  (SAS)  library 
programs  GLH,  ANOVA,  and  MEANS  were  utilized  for  the 
statistical  analyses.  The  .05  level  of  significance  was 
chosen  for  this  study.  Means  and  standard  deviations  were 


calculated  for  the  ICO*  HVC  deter  Binations,  resting 
systolic  blood  pressure  measurements,  and  endurance  times. 
Means  and  standard  error  cf  the  neans  were  calculated  for 
the  slopes  and  intercepts  of  the  regression  lines 
representing  the  mean  systolic  blood  pressure  response  to 
each  repetition  of  each  different  size  auscle  mass  and  the 
grand  mean  response  to  each  different  size  muscle  mass. 

Reproducibility .  The  degree  of  reproducibility  of 
repeated  measurements  was  established  by  testing  how  well 
the  values  correlated  and  the  significance  of  the 
difference  between  the  values  for  repeated  measurements. 
The  correlation  was  determined  by  calculating  Pearscn 
product-moment  correlation  coefficients  (r)  .  The 
significance  of  differences  was  tested  by  either  an 
analysis  of  variance  or  a  paired  t-test.  correlation 
coefficients  were  calculated  for  the  values  of  the  five 
M VC  determinations  for  each  of  the  two  different  size 
muscle  groups,  the  resting  systolic  blood  pressures 
measured  at  the  start  of  sessions  2  and  3,  the  endurance 
times  for  the  two  sustained  contractions  of  each  different 
size  muscle  group  performed  by  each  subject,  and  the 
slopes  and  intercepts  of  the  regression  lines  representing 
the  systolic  blood  pressure  responses  to  the  two  sustained 
contractions  performed  by  each  subject  of  the  two 
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different  size  auscle  groups.  Analyses  of  variance 
procedures  were  performed  to  test  the  significance  of  the 
differences  between  the  five  MVC  deter mination  values  for 
the  two  different  size  auscle  groups.  Duncan's  multirange 
tests  were  performed  on  the  five  mean  MVC  determination 
values  for  each  different  size  muscle  group  to  determine 
where  the  significant  differences  existed.  The 
significance  of  the  difference  between  the  endurance  times 
for  the  two  sustained  contractions  of  each  size  muscle 
group  performed  by  each  subject  was  also  tested  via  an 
analysis  of  variance.  Paired  t-tests  were  performed  to 
test  the  significance  of  the  difference  between  paired 
resting  systolic  blood  pressure  measurements  and  paired 
slopes  and  paired  intercepts  of  the  two  sustained 
contractions  performed  by  each  subject  for  each  size 
muscle  group. 

Inter-variable  relationships.  Simple  linear 
regression  was  performed  on  the  exercising  systolic  blood 
pressure  measurements  and  the  corresponding  times  at  which 
the  measurements  were  taken  to  characterize  a  subject's 
systolic  blool  pressure  response  to  a  sustained  isometric 
contraction.  Individual  and  combined  correlation 
coefficients  were  computed  for  the  exercising  systolic 


irvnMu-- , 


blood  pressure  measurements  versus  time  for  rht  sustained 
contractions  (35) . 

Student's  t-tests  were  performed  on  the  slopes  and 
intercepts  of  the  regression  lines  representing  the  mean 
response  of  the  21  subjects  to  each  sustained  contraction 
of  the  two  different  size  muscle  groups  and  the  mean 
response  of  the  21  subjects  to  each  of  the  two  different 
size  muscle  groups  tc  test  the  significance  of  the  slopes 
and  intercepts  relative  to  0  slope  and  0  intercept. 

Inter-exercise  comparisons.  An  analysis  of  variance 
was  performed  to  test  the  significance  of  the  difference 
between  the  slopes  and  intercepts  of  the  regression  lines 
representing  the  mean  response  of  the  21  subjects  tc  the 
sustained  contractions  of  each  of  the  two  different  size 
muscle  groups. 


CHAPTER  TV 

RESULTS 

This  chapter  presents  the  results  of  the  analyses 
performed  on  the  collected  da*"a. 

Strength  Measurements 

Adduction.  Tndividu?.l  maximal  s'rrenath  values  for 
index  finger  adduction  and  the  mean  ar.d  standard  deviation 
for  each  trial  are  given  in  Table  1.  "'he  degree  of  within 
subject  reproducibility  was  established  using  the  Pearson, 
product-moment  correlation  coefficient  (r)  .  The  r  values 
derived  from  the  correlation  between  any  two  mean  values 
of  the  *ive  maximal  strength  determinations  are  presented 
in  Table  2.  ""he  r  value  for  max  1  vs  max  2  (r  =  . 
illustrates  the  within  dav  reproducibility.  All  other  r 
values  illustrate  between  day  comparisons,  "’hese  values 
ranged  from  r  =  .  336  (max  1  vs  max  9)  to  r  =  .709  (max  2 
vs  max  3)  . 

An  analysis  of  variance  procedure  was  performed  to 


determine  if  there  were  significant  differences  between 
the  five  index  finger  MVC  determinations  performed  by  each 


Table  1 


Maximal  voluntary  Strength  for 
Index  Finger  Adduction  (lbs) 


Subiect 

1 

2 

"'rial 

3 

4 

5 

1 

2.  90 

* 

2.60 

3.19 

4.7? 

2 

9.  11 

3.44 

2.48 

2.70 

3.08 

3 

2.31 

1.87 

2.  42 

4.  48 

4.  58 

a 

1.65 

1.96 

3.15 

4.  37 

2.55 

5 

3.  61 

2.  87 

3.  58 

3.  88 

4.  18 

6 

3.33 

2.60 

2.51 

3. 00 

3.65 

n 

2.54 

2.49 

2.89 

2.97 

2.  82 

8 

3.  86 

3.96 

4.40 

5.35 

4.38 

9 

4.68 

5.  39 

4.  14 

5.  42 

4.  76 

10 

4.18 

4.27 

4.68 

4. 57 

4. 57 

11 

3.42 

3.  33 

3.92 

3.  11 

3.03 

12 

3.  52 

3.81 

4.79 

3.85 

3.39 

13 

3.52 

3.  84 

3.31 

2.  45 

3.11 

1  4 

3.19 

3.95 

5.46 

4.65 

3.50 

15 

4.05 

4.  38 

3.  91 

4.  76 

3.  22 

16 

3.  88 

5.69 

5.90 

5.8? 

5. 97 

17 

4.08 

3.  39 

4.21 

3.  11 

2.  97 

18 

3.74 

3.99 

4.86 

5.08 

3.85 

19 

2.  67 

1.  54 

1.90 

1.  83 

1.93 

20 

3.15 

3.33 

3.72 

4.55 

5.19 

21 

4.02 

3.  00 

3.72 

4.  55 

4.5  3 

Mean 

3.4  1 

3.  35 

3.75 

3.  97 

3.  81 

S.D. 

.78 

.94 

1.06 

1.08 

.  99 

♦missing  data 


I 

I 

I 
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7  a  ble  2 

Feproducitility  of  Maximum  Strength 
Determinations  for  Index  Finger 
Adduction:  Pearson  Product  Momen+ 
Correlation  Coefficient  (r)  for 
Comparison  Between  Trials 


Max  2 

Max  3 

Ma  x  4 

Max  5 

M  ax 

1  .  e  4  2* 

(.0001)  ** 

.534 
(.  0127) 

.  336 
(.  1  363) 

.  33'' 

(.  1355) 

Ma  x 

2 

.709 

(.0005) 

.  570 
(.0087) 

.441 

(.0515) 

Max 

3 

.701 

(.0004) 

.42  8 
(.  0527) 

Max 

U 

.684 

(.0006) 

*within  day  correlation;  all  others  are 
between  day  correlations 

**probabilit y  of  getting  a  larger  r  value 
if  no  correlation  exists 


subiect.  A  calculated  value  of  ”  =  3.39  indicated  that  a* 
the  .05  level  of  signif  icance,  there  was  a  sianificant 
difference  between  the  values.  A  follow-up  to  the 
analysis  o*  variance,  the  Duncan's  multiple  range  test, 
indicated  that  there  was  r.o  significant  difference  between 
the  mean  values  for  Group  C  (max  1,2,3),  Grouo  B  (max 
2, 3, 5), and  Group  A  (max  3,5,4).  There  was  a  oeneral  ♦rend 
of  increasing  strength  with  successive  eve  determinations, 
although  there  was  not  a  significant  difference  bCrve^n 
any  two  successive  trials.  This  includes  the  within  day 
determinations  (trials  number  1  and  2)  and  between  day 
trials  (trials  number  2  and  3,  3  and  4,  and  4  and  5).  The 
significant  differences  were  between  trials  1  and  4,  1  and 
5,  and  2  and  4.  tables  3  and  4  display  the  results  of  the 
analysis  of  variance  and  the  Duncan's  test,  respectively. 

Handgrip.  The  individual  values,  means,  and  standard 
deviations  for  the  handgrip  maximal  strength  trials  are 
shown  in  "’able  5.  The  Pearson  correlation  coefficient  (r) 
was  again  used  to  demonstrate  the  degree  of  within  subject 
reproducibility.  The  within  day  reproducibility  for  the 
handgrip  HVC  determinations  was  r  =  .°43  (max  1  vs  max  2). 
The  between  day  correlation  coefficients  ranged  from 
r  =  .  448  (max  3  vs  max  5)  to  r  =  .780  (max  2  vs  max  , 
Table  6.  An  analysis  of  variance  performed  on  the 
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Table  3 

Summary  of  Analysis  of  Variance  for  Com¬ 
parison  Eetween  Trials  of  Maximum 
Strength  Determinations  for 
Index  Finger  Adduction 


Source  of 
Variat ion 

Degrees  of 
Freedom 

Sum  of 
Squares 

Mean 

Square 

F* 

D  ** 

""rials 

(within) 

u 

5.  92 

1.  480 

3.39 

.0129 

Subiects 

(between) 

20 

60.25 

3.012 

6.91 

.0001 

Error 

-79 

34.  U4 

0.436 

Total 

103 

100.  61 

*F  for  .0C  level  (U,79  D.F.)  =  2.50 
F  for  .05  level  (20, va  D.F.)  = 

**d  =  probability  of  getting  a  larger  F  value 
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Tabla  U 

Duncan's  Multiple  Range  "est  for  Differ¬ 
ences  between  Mean  Values  for  Trial 
One  to  five  for  Maximal  Strength 
for  Index  Finger  Adduction 


Mean 

Number  of 

"prial 

Groupi  ng* 

(lbs) 

Subjects 

Number 

A 

3.91 

21 

4 

B  A 

3.81 

21 

5 

C  B  A 

3.75 

21 

3 

C  B 

3.41 

21 

2 

C 

3.35 

20 

1 

♦  means  with 

the  same 

letter  are  no 

t  sianif' 

icantly 

different  at  the  .05 

level 

61 


Table  6 

Peproducibility  of  Maximum  Strength  Deter¬ 
minations  for  Handgrip:  Pearson 
Product  Moment  Correlation  Coef¬ 
ficient  (r)  for  Comparison 
Between  Trials 


Max  2  Max  3 

Max  4 

Max  5 

Max  1 

78U3*  7590 

(.  0001)  *♦  (.0049) 

7^59 

(.0362) 

.534 

(.0127) 

Max  2 

.745 
(.  C002) 

.647 

(.0021) 

.  780 
(.0001) 

Max  3 

.597 

(.0043) 

.  448 
(.0418) 

Max  4 

.602 

(.0039) 

♦within  day  correlation;  all  others  are 
between  day  correlations 
♦♦probability  of  getting  a  larger  r  value 
if  no  correlation  exists 


handgrip  MVC  determinations  demonstrated  no  significant 
differences  between  a  subiect's  five  KVC  determination 
values  (?  =  1.18).  This  was  also  verified  by  the  Duncan's 
multirange  test.  Tables  7  and  8  show  the  results  of  these 
two  statistical  procedures. 

Resting  Systolic  Blood  Pressure 

""able  9  gives  the  values  and  the  correlation 
coefficient  for  the  resting  systolic  blood  pressures  taken 
prior  to  the  40%  fatigue  contractions  performed  during 
sessions  2  and  3.  A  paired  t-test  resulted  in  a 
calculated  t  =  -1.50,  indicating  no  significant  difference 
existed  between  the  corresponding  pairs  of  resting 
systolic  blood  pressure  values. 

Endurance  Times 

Adduction.  The  two  endurance  times  obtained  for  each 
subject  for  the  sustained  index  finger  adduction 
contractions  are  shown  in  Table  10.  The  within  subiect 
reproducibility  was  demonstrated  using  the  Pearson 
correlation  coefficient,  r  =  .59.  Although  the  second 
sustained  contraction  was  usually  of  longer  duration  than, 
the  first,  an  analysis  of  variance  demonstrated  that  +her? 
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Tabl®  7 

Summary  of  Analysis  of  Variance  for 
Comparison  Between  Trials  of  Maximum 
Strength  Determinations  for 
Handgrip 


Source  of 
Va  riation 

Degrees  of 
Freedom 

Sum  of 
Squares 

Mean 

Square 

F* 

V** 

Trials 

(within) 

4 

624. 96 

156.24 

1.  18 

.  3278 

S  ubdects 
(bet  we»n) 

20 

22920.01 

1146.0 

8.63 

.0001 

Frror 

79 

104°4. 42 

132. «4 

'rotal 

103 

34039. 39 

♦F  for  .Of  level  (u,-»9  D.F.)  =  2.50 
F  for  .05  level  (20,79  D.F.)  =  1.72 
♦♦probability  of  get+ing  a  larger  F  value 


1 

I 

I 


Duncan  's  Multiple  Range  Test  for  Differ¬ 
ences  Retween  Mean  Values  for  '’’rial 
One  to  Five  for  Maximal  Strength 
for  Handgrip 


Mean 

Nu  mber  of 

Trial 

Orou  pi  ng* 

(lbs) 

Subjects 

Nu  mfcer 

A 

119.51 

21 

5 

A 

119.06 

21 

U 

A 

IIP. 21 

21 

1 

A 

1 1 5. C6 

21 

3 

A 

113. 17 

20 

2 

♦  means  with 

the  same  letter  are  no 

t  sianif- 

ica  ntlv 

different 

at  the  .05 

level 

f 

! 
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Table  9 


Resting  Systolic  Blood  Pressures 
(■aHg)  and  Correlation  Coeffi¬ 
cient  Taken  at  the  Eeginning 
of  Sessions  2  and  3 


Session 

Subject  2  3 


1 

132.5 

127.5 

2 

110.0 

117.5 

3 

117.5 

127.5 

4 

130.0 

122.  5 

5 

110.0 

120.  0 

6 

117.5 

112.  5 

7 

127.5 

127.  5 

8 

125.0 

137.5 

9 

117.5 

122.5 

10 

105.0 

112.5 

11 

117.5 

125.0 

12 

107.5 

117.0 

13 

125.  0 

112.  5 

14 

120.0 

127.  5 

15 

115.0 

125.  0 

16 

112.5 

107.  5 

17 

110.0 

105.0 

18 

140.0 

135.0 

19 

122.5 

122.  5 

20 

122.5 

127.  5 

21 

102.5 

105.0 

Mean 

118.5 

120.  8 

S.D. 

9.5 

9.  1 

r  =  .695 

p*  <  .001 


♦probability  of  getting  a 
larger  r  value  if  no 
correlation  exists 


Table  10 


6* 


Endurance  Times  and  Correlation 
Coefficient  for  40*  WVC  for 
Index  Finger  Adduction  (sec) 


Ses  sion 

subject  2  3 


1 

113.0 

195.  4 

2 

111  .4 

151.6 

3 

159.  4 

189.  0 

4 

146.6 

119.2 

5 

102.6 

107.  2 

e 

1  31 .0 

149.0 

i 

1  31.6 

176.  0 

6 

120.8 

109.2 

Q 

86.0 

67.  0 

1  c 

*75. 8 

129.6 

11 

191.6 

172.  2 

12 

120.0 

162.2 

1  3 

145.0 

146.  8 

1  4 

80.6 

72.6 

1  5 

121.2 

123.0 

i  e 

151  .6 

185.8 

IT 

97.6 

148.  0 

1  6 

1  64.0 

173.4 

19 

121.0 

105.  8 

2  C 

181  .2 

151.2 

_2 1 _ 

177.2 

179.  6 

*"e  an 

129.9 

143.  5 

S.  E. 

32.9 

36.  9 

r  =  .59 
p*  <  .005 


*prcbabilitv  of  getting  a 
laroer  r  value  if  no 
correlation  exists 


-1 


i 
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was  no  significant  difference  between  the  two  durations  at 
the  .05  level.  Table  11. 

.Ha&dgrio.  The  endurance  times  obtained  for  the 
sustained  handariD  contractions  are  shown  in  Table  12.  An 
r  =  .  65  was  calculated  for  repeated  measurements  of  this 
variable.  As  with  adduction,  the  second  sustained 
handgrip  time  was  generally  longer  than  the  first.  Tn 
contrast  to  the  adduction  times,  though,  the  analysis  of 
variance  indicated  a  significant  difference  between  a 
subiect's  two  handgrip  endurance  times  did  exist (mable 
13). 

Slopes  and  Intercepts 

nsing  time  (recorded  in  seconds)  as  ♦•he  abscissa  and 
systolic  blood  pressure  (recorded  in  mmPg)  as  the 
ordinate,  regression  lines  reores  enting  the  blood 
pressure  response  of  each  sub-iect  to  each  sustained 
contraction  were  calculated  using  the  regression  formula 
y  =  mx  ♦  b  where  y  =  systolic  blood  pressure,  m  =  slope,  x 
=  time,  and  b  =  y  i n terceDt  (Figur  es  11, 12,  and  13)  .  An 
average  of  seven  systolic  blood  pressure  measurements  (±2) 
with  a  20  second  interval  between  repeated  measurements 
was  obtained  for  index  finger  adduction.  Similarly,  an 


average  of  six  measurements  (±2)  with  an  interval  of  19 
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Table  11 

Summary  of  Analysis  of  Variance  for 
Comparison  of  Endurance  Times  for 
40%  SVC  Index  Finger  Adduction 


Source  of 

Degree  s 

o* 

Sum  of 

♦ear 

variat ion 

Freedom 

Squares 

Square 

D** 

ftepet  ition 
(v  it  bin) 

1 

752.  6° 

752.69 

1.40  . 

2499 

Subjects 

(between) 

20 

39302.  14 

196.61 

3.67  . 

0027 

Error 

20 

1071°. 49 

535.97 

Total 

41 

50774.  32 

*F 

for  .05 

lev 

el  (1,20 

D.F.)  = 

4.35 

F 

for  .05 

level  (20,20 

D.F.)  = 

2.  12 

♦♦probability 

of 

getting  a 

larger 

F  value 

A 


Ta  ble  12 


Endurance  Times  and  Correlation 
Coefficient  for  40*  MVC 
*or  Handorip  (sec) 


S  es  sion 


Sub  ject 

2 

3 

1 

4  9.  8 

92.  2 

2 

T>.  4 

100.4 

3 

1Cc.O 

100.2 

4 

182.  8 

241.4 

5 

102.  a 

159.0 

f 

*9.6 

105.8 

~i 

103.  8 

105.8 

6 

1*2.2 

182.8 

9 

96.  6 

99.6 

1  C 

122.4 

169.6 

1 1 

166.  0 

140.0 

1  2 

131.6 

120.0 

1  3 

124.  6 

169.8 

1  4 

68.4 

82.2 

1  5 

147.  2 

247.8 

1  6 

160.2 

140.4 

17 

v°.o 

90.4 

1  E 

140.  8 

127.8 

19 

65.  2 

158.2 

2  C 

93.0 

139.2 

2  1 

99.  2 

1 33.  8 

Mean 

114.  1 

138.4 

s.  r. 

35.5 

45.8 

r 

=  .65 

P* 

<  .002 

♦probability  of  getting  a 
larger  r  value  if  no 

correlation  exists 
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Table  13 

Summarv  of  Analysis  of  Variance  for 
Comparison  of  Endurance  Times  ^or 
40^  MV c  for  Handarip 


Source  of 

Degrees 

of 

Sum  of 

Mean 

Variat ion 

Freedom 

Squares 

Square  F* 

P** 

Feoetition 

( within) 

1 

5721.  33 

c721 . 3  3  0.55 

.0001 

Subiects 

(bet  ween) 

20 

c560fi.78 

2704.  94  4.21 

.00*1 

Error 

20 

13231.0° 

661,55 

Total 

ui 

”4  65 1 . 20 

*F 

for  .Of 

lev 

=1  (1,20  D 

• 

• 

II 

• 

OJ 

t-n 

F 

f  or  .of 

level  (20,20 

D.F.)  =  2.12 

**probabilit  y 

of 

getting  a 

larger  ?  value 

v  .  S' 


* 

t 


Regression  Lines  Representing  Systolic  Blood  Pressure  Responses 
tc  Sustained  40*  HVC  Handgrip  Contractions 
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seconds  was  obtained  during  the  sustained  handgrip 
contractions. 

Adduct  ion.  A  t-test  to  determine  if  a  significant 
increase  above  the  restina  systolic  blood  pressure 
occurred  was  performed  on  the  slopes  and  +  he  inter ceots  of 
the  three  regression  lines  (mean  response-repetition  i , 
mean  response-repetition  2,  and  mean  response-index  finger 
adduction)  for  index  finger  adduction.  Table  14.  All 
three  slopes  and  intercepts  were  significantly  different 
from  0.  The  slopes  being  different  from  0  indicated 
significant  blood  pressure  increases  occurred. 

Individual  and  combined  correlation  coefficients  for 
the  systolic  blood  pressure  measurements  vs  time  (the 
exercising  blood  pressure  measurements)  were  calculated. 
Appendix  ?,  Table  F- 1.  The  average  correlation 
coefficient  for  the  systolic  blood  pressure  measurements 
with  time  during  the  sustained  index  finger  adduction 
contractions  was  r  =  .59(p  <  .001).  Although  the  combined 
correlation  was  seemingly  low,  there  was  a  correlation 
between  increasing  systolic  blood  pressure  and  time  durira 
the  sustained  index  finger  adduction  contractions. 

Correlation  coefficients,  indicative  of  the 
reproducibility,  for  the  slopes  and  intercepts  of  the 
regression  lines  representing  the  mean  systolic  blood 
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pressure  responses  tc  the  two  endurance  contractions  for 
index  finger  adduction  were  r  =  .198  and  r  =  .  706, 
respectively.  Calculated  t  values  of  t  =  1.3  and  t  =  .36, 
for  slopes  and  intercepts  respectively,  indicated  no 
significant  differences  between  corresponding  pairs  o * 
regression  lines  representing  the  two  sustained  index 
finger  contractions  performed  by  each  subject.  Even 
though  a  subject's  blood  pressure  response  to  the 
sustained  adduction  contractions  was  not  hiahly 
reproducible,  as  indicated  by  the  low  correlation 
coefficient  for  the  slopes  of  the  regression  lines 
(r  =  .1981  ,  there  was  not  a  significant  difference  between 
a  sublect's  two  responses. 

Handgrip.  The  t- tests  to  determine  if  a  sianifican4- 
increase  above  resting  systolic  blood  pressure  occurred 
during  the  sustained  handgrip  contractions  indicated  a 
significant  response  for  each  of  the  three  different 
regression  lines  cf  handgrip,  ’’’able  15. 

"he  individual  and  combined  correlation  coefficients 
of  the  exercising  blcod  pressure  measurements  vs  time  ^or 
the  sustained  handgrip  contractions  are  found  in  Appendix 
G,  Table  G-1.  The  combined  correlation  coefficient  for 
these  measurements  was  r  =  .95(p  <  .001),  indicating  a 
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strong  correlation  between  increasing  blood  pressure  witv 
time  for  the  sustained  handgrip  contractions. 

'’'he  between  trial  reproducibility  of  the  slopes  and 
intercepts  of  the  regression  lines  representing  the 
systolic  blood  pressure  responses  to  the  sustained 
handarip  contractions  was  demonstrated  by  calcula'-ina 
correlation  coefficients  cf  r  =  .389  for  the  slopes  and 
r  =  .  S'7?  for  the  intercepts.  Calculated  t  values  of 
t  =  1.2  for  the  slopes  and  t  =  .78  for  the  intercepts 
indicated  no  significant  differences  between  paired 
values.  As  with  the  systolic  blood  pressure  responses  to 
the  sustained  adduction  contractions,  the  systolic  blood 
pressure  responses  of  a  subject  tc  sustained  handgrip 
contractions  were  not  highly  reproducible  (r  =  .389)  even, 
though  there  was  not  a  significant  difference  between  a 
sublect's  two  responses. 

Adduction  vs  Handgrip.  The  results  of  •‘•he  analyses 
or  variance  performed  on  the  slopes  and  intercepts  of  the 
regression  lines  representing  th.®  mean,  response  of  th®  2i 
subjects  to  the  sustained  contractions  of  the  two 
different  size  muscle  groups  are  shown  in  Tables  16  and 
‘'7.  Significant  differences  between  *he  slopes  (F  = 
68.11,  p  <  .001)  and  intercepts  (F  =  4.95,  p  <  .045)  of 
■•■he  mean,  regression  lines  were  present. 


•  i  ,,  *  , 
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Table  16 

Summary  of  Analysis  of  variance  for 
Slopes  of  ’’egression  Lines  of  Blood 
Pressure  Responses  t o  Sustained 
Index  Finger  Adduction  and 


Handgri 

p  Contractions 

Source  of  Degrees  of 
variation  Freedom 

Sum  of 
Squares 

Hear. 

Square 

p* **  * 

Fxercise 

1 

1.  158 

1.158 

138.  40 

.0001 

Subjects 

20 

0.  338 

0.017 

2.  04 

.0261 

Interaction 

20 

0.  3U1 

0.017 

2.0  4 

.  0261 

Error 

42 

0.  351 

0.008 

using  the  analysis 
interaction  as  the 
were  assumed 

cf  variance  mean  square  for 
error  +  erm  sir.c°  subiects 
to  be  a  random  sample 

5  xercise 
Error 

1 

20 

1.158 

0.341 

1.158 

0.017 

68.  1 1 

.0001 

*F  for  .05  level  (1,20  D.  F. )  =  4.36 
F  for  .05  lev°l  (20,40  D.F .)  =  1.84 

**probabilit y  of  getting  a  larger  F  value 
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Table  17 

Summary  o*  Analysis  of  Variance  for  Inter¬ 
cepts  of  degression  lines  of  Blood 
Pressure  Responses  to  Sustained 
Index  Finger  Adduction  and 
Handgrin  Contractions 


Source  of  Degrees 
Variation  Freedom 

of  Sum  of 
i  Squares 

Mean 

Square 

p  ♦* 

Exercise  1 

32.01 

82.01 

3.37 

.  0735 

Subjects  20 

4663.11 

233.1  6 

9.58 

.  0001 

Interaction  20 

3F7.41 

17.87 

.73 

.7690 

Frror  42 

102  2.  08 

24.33 

using  the  analysis  cf  variance  mean  square 
interaction  as  the  error  term  since  subiec 
were  assumed  to  be  a  random  sample 

for 
t  s 

Exercise  1 

82  .01 

82.01 

4.95 

.  044V 

Error  20 

357.  U1 

17.87 

*F  for  .0C 
d  for  .05 
**proba  bili t y 

level  (1,20 
level  (20,40 
of  getting  a 

D.  F.  )  = 
D.F.)  = 

larger 

4.  35 
1.84 

F  value 

pi 


The  fact  that  a  sublect-exercise  interaction  was 
present  for  the  slopes  indicated  that  because  a  subier* 
had  a  relatively  strcna  response  to  the  sustained  index 
finger  adduction  contractions  (as  indicated  by  a 
relatively  high  slope)  did  no4-  indicate  that  he  would  also 
have  a  relatively  strong  response  to  the  sustained 
handarip  contractions.  The  significance  of  +he  subiect- 
exercise  interaction  (F  =  2.04)  relative  *o  the 
significance  of  the  difference  between  h.®  mean  systolic 
blood  pressure  responses  to  the  sustained  contractions  o* 
the  two  different.  size  muscle  groups  (F  =  68.11)  was 
negligib le. 

Since  the  paired  t-test  indicated  no  significance 
difference  between  resting  svs^olic  blood  Dressure  values, 
one  would  assume  that  or.  the  average  a  subiect's  restir.a 
systolic  blood  pressure  was  essentially  the  same  when 
starting  the  diff°rent  sustained  contractions.  The  fact 
that  the  intercepts  of  the  regression  lines  raDresentina 
the  mean  systolic  blood  pressure  resDonses  to  the  two 
different  size  muscle  groups  wer°  significantly  different 
indicated  that  a  significant  increas®  in  systolic  blood 
pressure  must  have  occurred  ®arly  in  +  he  handgrip 
contractions.  This  would  have  simulated  a  seeminoly 
higher  starting  point  for  the  handgrip  contractions. 


Summary 
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The  aralvsis  of  variance  arc!  Duncar. 's  multiranae  feet 
indicated  significant  differences  between  the  five  index 
finger  adduction  five  determinations  performed  by  each 
subject.  The  same  tests  indicated  no  such  differences 
were  oresent  for  the  corr  es  pond  in  g  handario  values.  "hQ 
degree  of  within  day  reproducibility  for  the  MVC 
determinations  for  index  finger  adduction  was  demonstrated 
bv  a  correlation  coefficient  of  r  -  .842  (max  1  vs  max  2). 
The  corresponding  correlation  for  the  handariD  MVC 
determinations  was  r  =  .843.  The  between  day  correlation 
coefficients  for  the  index  finger  adduction  1VC 
determinations  ranged  from  r  =  .336  to  r  =  .'T09  while  the 
corresponding  values  for  gandgrip  ranoed  from  r  =  .448  to 
r  =  . 780. 

The  paired  t-test  indicated  no  significant  difference 
existed  between  paired  restina  systolic  blood  pressures 
measured  at  the  start  of  sessions  2  and  3. 

The  analysis  of  variance  indicated  no  significant 
difference  between  each  subject's  endurance  times  for  the 
sustained  index  finger  adduction  contractions.  A 
significant  difference  was  shown  to  exist  between  the 
corresponding  endurance  times  for  handgrip.  Correlation 


m 


S’ 

coefficients  of  r  =  .59  for  index  finaer  adduction  and 
r  =  .  65  for  handgrio  were  calculated  for  *:he  endurance 
times  of  the  sustained  contractions. 

The  t-tests  indicated  a  sianificant  increase  above 
the  resting  systolic  blood  pressure  occurred  durir.a  each 
sustained  contraction  of  the  two  different  size  muscle 
groups.  The  reproducibility  of  the  slopes  and  intercepts 
of  the  regression  lines  representing  the  systolic  blood 
pressure  responses  to  the  sustained  index  finger  adduction 
contractions  was  indicated  by  correlation  coefficients  of 
r  =  .198  and  r  =  .706,  respectively.  Correlation 
coefficients  of  r  =  .389  and  r  =  .675  were  calculated  for 
the  slopes  and  intercepts,  respectively,  of  the  rearessior. 
lines  representing  the  systolic  bicod  pressure  responses 
to  handgriD. 

The  analvses  of  varianc°  performed  on  the  slopes  an* 
intercepts  of  the  regression  lines  reores»nting  the  mean 
responses  of  the  21  subjects  to  *he  sustained  contractions 
of  the  tvo  different  size  muscle  groups  demonstrated  t 
a  significant  difference  existed. 
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CHAPTER  V 

DISCUSSION  and  CLINICAL  IMPLICATIONS 

SUsaam&asaieaesi  s 

In  a  study  such  as  this,  one  Bust  be  concerned  with 
the  reliability  of  repeated  strength  aeasureaents. 

Studies  have  been  conducted  which  looked  specifically  at 
this  issue.  Two  itens  to  be  considered  when  evaluating 
the  reliability  of  repeated  saximum  iscnetric  strength 
aeasureaents  are  between  day  and  within  day  variations. 
Carlson  and  McCraw(17)  obtained  a  between  day  test-retest 
correlation  coefficient  of  .94.  This  was  calculated  from 
a  total  of  8  100*  aaxiaal  voluntary  strength 
deter ainations,  each  perfcraed  on  a  different  day,  for 
isoaetric  elbow  flexion  by  each  of  36  subjects.  In  a 
study  dealing  with  isoaetric  handgrip  strength, 

Heyward (18)  obtained  test-retest  between  day  correlation 
coefficients  ranging  from  .92  to  .98  froa  a  total  of  11 
100*  aaxiaal  voluntary  strength  determinations  perfcraed 
by  each  of  49  subjects.  Each  100*  deteraination  was 
perforaed  on  a  different  day  with  no  more  than  three 
deter ainations  in  any  one  week.  Even  though  the  between 


day  correlation  coefficients  for  both  adduction  and 
handgrip  naxiaal  voluntary  strength  values  were  relatively 
low  (r  *  .336  to  .780)  the  within  day  correlations  were 
higher  (r  =  .84  2  to  .843). 

The  analysis  of  variance  and  Duncan's  aultirange  test 
indicated  a  significant  difference  at  the  .05  level 
between  the  aean  values  of  adduction  MVC  deter ainations 
for  Group  A  (aax  4,  tax  5,  and  max  3),  Group  B  (aax  5,  max 
3,  and  aax  2),  and  Group  C  (max  3,  max  2,  and  aax  1 )  (Table 
4).  The  same  procedure,  though,  indicated  no  significant 
difference  between  corresponding  handgrip  strength 
values(Table  8).  In  trying  to  understand  why  the  naxiaal 
adduction  strength  values  were  as  variable  and  seeaingly 
unreliable  as  they  were  one  should  consider  the  type  of 
contraction  involves  and  factors  related  to  producing 
naxiaal  strength  in  a  muscle  contraction.  As  mentioned 
earlier  in  this  study,  index  finger  adduction  was  chosen 
to  represent  the  smaller  muscle  mass  because  of  its 
relative  ease  of  motor  control.  Even  though  it  is  fairly 
easy  to  isolate  this  aoveaent,  if  stabilized  properly,  it 
still  remains  a  relatively  uncommon  motion.  This  specific 
muscle  action  was  chcsen  because  it  was  the  most  natural, 
easily  isolated  small  muscle  action  to  produce.  Due  to 
the  lower  innervation  ratio,  as  compared  to  a  muscle  mass 
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which  produces  a  gross  type  of  muscle  action  (i.e.  biceps 
for  elbow  flexion) ,  fine  motor  control  is  required  to 
produce  index  finger  adduction  as  an  isolated 
contraction  (37,  38) .  With  this  in  mind,  one  should 
consider  Sinonson  and  Lind's  work  in  which  they 
demonstrated  "...the  more  complex  the  contraction,  the 
more  difficult  it  is  to  measure  it  accurately, " (15) . 
Sinonson  and  Lind  (15)  and  Ikai  and  Steinhaus (39)  all  agree 
that  motivation  and  mental  concentration  are  extremely 
important  in  producing  a  maximal  muscle  contraction.  Ikai 
and  Steinhaus  concluded  that,  especially  when  dealing  with 
untrained  subjects,  supraspinal  and  proprioceptive 
inhibitions  of  varying  degree  will  prevent  the  subject 
from  engaging  all  the  motor  units  of  an  active  muscle  at 
tetanus  frequency.  This  fact,  they  concluded,  gave 
credence  to  the  idea  that  "...in  every  voluntarily 
executed,  all  out  maximal  effort,  psychological  rather 
than  physiological  factors  determine  the  limits  of 
performance , "  (39) . 

Using  the  preceeding  ideas  of  Ikai  and  Steinhaus,  and 
disregarding  the  possibility  of  any  additional  muscle 
action  aiding  in  producing  the  recorded  tension,  this 
investigator  elected  to  chocse  the  highest  100%  M¥C 
determination  value  (the  highest  of  the  five  mean  RVC 
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values  calculated  by  averaging  three  brief  contractions) 
for  both  index  finger  adduction  and  handgrip  as  being  the 
value  nost  likely  to  represent  the  true  possible  naxiaus 
strength  for  each  of  the  nuscle  actions.  This  aaxicun 
strength  value  was  then  ccapared  with  the  tension  used 
during  the  fatigue  ccntractions  in  sessions  2  and  3. 
whereas  this  study  was  designed  to  look  at  the  systolic 
blood  pressure  response  tc  a  40%  MVC  of  index  finger 
adduction  and  handgrip,  the  preceding  calculations 
revealed  that  the  subjects  in  this  study  were  nore  closely 
producing  a  32%  (±7%)  index  finger  adduction  and  a  36% 
(±4%)  handgrip  contracticn  (Appendix  H) . 

fiesting  Blood  Pressure  qeasuyenertt? 

Although  the  paired  t-test  indicated  no  significant 
difference  at  the  .05  level  between  the  resting  blood 
pressures  recorded  at  the  start  of  session  2  and  3  and  the 
low  coefficients  of  variation  (session  2  coefficient  of 
variation  =  8.05,  session  3  coefficient  of 
variation  -  7.53)  indicated  a  aoderately  hoaogeneous  group 
of  resting  blood  pressure  values,  one  could  possibly 
question  their  reliability  on  the  basis  of  the  correlation 
coefficient  (r  =  .695).  Sargent,  et  al.  (40)  conducted  a 
study  with  99  eilitary  recruits  in  the  winter  of  1954  and 


88 


the  suaaer  of  1955  which  investigated  the  noraal 
variability  of  resting  systolic  bicod  pressure.  The 
subjects  were  divided  into  two  groups  and  two  resting 
blood  pressures  were  taken  at  one  week  intervals  on  each 
subject,  two  pressures  being  taken  in  the  winter  and  two 
taken  in  the  suaaer.  The  results  of  the  study  revealed 
coefficients  of  variation  ranging  frost  3.0  to  13.4.  These 
relatively  low  coefficients  of  variation  indicated  that 
the  variability  of  resting  blood  pressures  aaong  this 
rather  large  saaple  population  was  moderately  saall. 

Using  three  different  techniques  for  neasuring  blood 
pressures,  Siae,  et  al. (  41)  took  two  resting  blood 
pressure  aeasureaents  on  31  subjects  at  one  week  intervals 
and  compared  the  results  cf  the  three  techniques.  These 
techniques  were:  1)  auscultatory  using  a  stethoscope  and 
mercury  manometer,  2)  phonoarteriography,  in  which 
siaultaneous  recordings  of  pressure  and  Korotkoff  sounds 
amplified  through  a  stethoscope  were  photographed  and 
measured,  and  3)  audio,  which  was  identical  to  the 
phonoarteriographic  method  except  the  Korotkoff  sounds 
were  aaplified  electronically  instead  of  with  a 
stethoscope.  This  last  method  was  identical,  in  theory  to 
the  primary  method  used  in  our  study  to  measure  systolic 
blood  pressures.  In  comparing  the  paired  resting  blood 
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pressure  values.  Sine  calculated  r  *  .63,  .76,  and  .62 
respectively  for  the  auscultatory,  phonoarteriographic, 
and  audio  techniques.  In  the  present  study  a  correlation 
coefficient  of  r  =  .695,  higher  than  Sine’s  r  =  .62  for 
his  sinilar  technique,  was  calculated  for  the  resting 
systolic  blood  pressure  values.  Hith  regard  to  the  audio 
■ethod.  Sine  states  the  "...high  correlation  coefficient 
demonstrates. .. reproducibility  of  systolic  blood 
pressures. " 

One  could  conclude  that  based  on  the  results  of  the 
paired  t-test  (page  62) ,  the  coefficients  of  variation  and 
the  correlation  coefficient  (Table  9,  page  65)  ,  the 
resting  systolic  blocd  pressures  measured  in  the  present 
study  are  representative  of  a  normal  population  and  are 
within  the  limits  of  acceptable  reproducibility. 

Endurance  fines 

Although  there  were  no  significant  differences 
between  endurance  tines  for  the  index  finger  adduction 
contractions,  the  analysis  of  variance  indicated  a 
significant  difference  between  the  endurance  times  for  the 
handgrip  contractions  (Table  13,  page  70).  The  longer 
duration  of  the  second  sustained  handgrip  contraction 
could  have  enabled  a  subject  to  attain  a  higher  peak 
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systolic  blood  pressure.  This  could  have  changed  the 
slope  and  intercept  cf  the  regression  line  characterizing 
the  response  to  the  exercise.  There  were,  however,  no 
systematic  differences  between  the  slopes  and  intercepts 
of  the  regression  lines  characterizing  a  subject's 
responses  to  the  sustained  handgrip  contractions  (page 
74). 


flxercise  Blood  Pressure  Responses 

Since  this  investigator  was  unable  to  find  any 
literature  which  characterized  the  blood  pressure  response 
to  an  exercise  using  a  regression  equation,  there  will  be 
no  comparisons  or  contrasts  of  the  regression  eguations 
calculated  in  this  study  with  previous  finding  of  other 
authors.  The  correlation  coefficient  for  the  slopes  and 
intercepts  of  the  regression  lines  representing  the  mean 
responses  of  the  21  subjects  to  each  of  the  two  sustained 
contractions  of  each  different  size  muscle  group  were  low 
(adduction  slope  r  *  .198,  intercept  r  *  .706;  handgrip 
slope  r  *  .389,  intercept  r  =  .675).  In  spite  of  this  low 
reproducibility  for  the  regression  lines,  paired  t-tests 
indicated  no  significant  difference  existed  between  the 
corresponding  responses.  One  could  deduce  from  this  that 
a  learning  effect  did  not  introduce  a  significant  bias 
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into  the  bicod  pressure  response  of  the  second  fatigue 
contraction. 

Before  comparing  the  regression  lines  representative 
cf  the  nean  systolic  blood  pressure  responses  of  the  21 
subjects  to  the  two  different  size  muscle  groups,  one  must 
assume  that,  as  the  literature  states,  there  will  be  a 
continuous  rise  in  the  blood  pressure  when  a  muscle  is 
contracting  at  greater  than  15%  of  it*s  maximal  voluntary 
tension.  One  can  see  that  there  is  approximately  a  six 
fold  difference  between  the  slopes  of  the  two  regression 
lines  representing  the  systolic  blood  pressure  responses 
(adduction  =  .052,  handgrip  =  .287),  Figure  13,  page  70. 

If  a  4%  increase  were  added  to  the  slope  for  the  adduction 
response,  as  a  compensation  for  the  4%  less  tension  (32% 
versus  36%)  used  during  the  fatigue  contractions,  the 
difference  between  the  twc  would  remain  essentially 
unchanged. 

An  attempt  was  fade  to  find  literature  regarding  the 
sensitivity  of  the  cardiovascular  response  center  (s)  to 
different  levels  of  isometric  tension.  Since  different 
authors  have  reported  the  results  of  different  studies  in 
different  ways  (absolute  arterial  or  aortic  blood  pressure 
measurements,  mean  (diastolic  ♦  1/3  pulse  pressure) 
arterial  or  mean  aortic  pressures,  discreet  time  points. 


and  relative  tiae  of  contraction) ,  it  was  necessary  to 
find  studies  by  the  sane  author  in  which  the  sane 
techniques  had  been  used  to  look  at  the  blood  pressure 
responses  of  muscle  group  (s)  at  different  levels  of 
isoaetric  tension.  In  a  previously  mentioned  study  (34), 
Fanos  reported  a  12  imHg  increase  in  brachial  artery 
pressure  in  response  to  a  10%  increase  (25%-35%  SVC)  in 
isometric  tension.  Samos'  data  should  be  cautiously 
considered  when  compared  with  the  data  from  the  present 
study.  Famos  instructed  his  subjects  to  naintain  a 
predetermined  relative  handgrip  tension  for  5  minutes. 
After  approximately  1.5  minutes  at  the  25%  uvc  and  1 
minute  at  the  35%  MVC  levels  there  was  a  continuous 
increase  of  EMG  activity  in  the  more  proximal  flexor 
muscles  of ‘the  ipsilateral  extremity.  This  additional 
muscle  activity,  added  to  that  of  the  primary  handgrip 
muscles,  significantly  increased  the  size  of  the  active 
muscle  mass  responsible  fcr  the  observed  systolic  blood 
pressure  responses.  Thus,  the  blood  pressure  changes  he 
observed  were  more  abrupt  than  the  responses  observed  in 
the  present  study. 


Using  the  regression  equation  for  the  mean  response 
to  the  adduction  contraction  (y  =  .052x  ♦  122.38)  and  the 
mean  tine  for  the  adduction  contraction  (136.72  seconds) 
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the  peak  systolic  bicod  pressure  attained  in  the  present 
study  was  129.5  aaHg.  Adding  a  correction  factor  of  4.8 
aaHg,  based  on  Ramos'  data,  to  coapensate  for  the  4% 
difference  between  the  adduction  and  handgrip  relative 
tensions  used  in  the  study  would  increase  this  peak 
pressure  to  134.3  aaHg.  Substituting  this  value  for  y, 
the  regression  equation  becomes  y  =  .087x  ♦  122.38.  Even 
though  this  is  a  67%  increase  in  the  adduction  slope, 
there  is  still  a  three  and  one  half  fold  difference 
between  the  slopes  for  the  aean  responses. 

Suaaarv  and  Conclusi fin 

Although  the  reproducibility  and  consequently  the 
reliability  of  the  within  day  maximal  strength 
determinations  ware  readily  acceptable,  the  between  day 
aaxiaal  strength  determinations  were  not  as  reproducible. 
Possible  explanations  as  to  why  these  between  day  strength 
values  varied  as  they  did  were:  1)the  relative  ease  of 
performance  of  the  two  different  contractions,  2)  the  motor 
control  needed  to  produce  the  more  refined  aoveaent  of 
index  finger  adduction  as  compared  to  the  gross  handgrip 
contraction  and,  3)  the  motivation  and  nental 
concentration  of  the  individual  subjects  from  day  to  day. 
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The  resting  systolic  blood  pressure  values  measured 
in  this  study  were  representative  of  a  normal  sampling  of 
individuals. 

The  technique  used  tc  characterize  the  systolic  blood 
pressure  responses  (linear  regression  of  the  blood 
pressure  vs  time  data  points)  introduced  a  unique  nethod 
for  presenting  blood  pressure  data.  Future  investigations 
using  this  sane  technique  will  allcv  for  a  valid 
comparison  of  results  even  though  the  actual  experimental 
conditions  may  vary. 

The  fact  that  the  index  finger  adduction  and  handgrip 
fatigue  contractions  were  performed  at  32%  and  36%  HVC, 
respectively,  was  acknowledged.  Using  the  most  critical 
and  exacting  compensation,  the  systolic  blood  pressure 
response  to  handgrip  remained  demonstrably  different  than 
that  to  the  index  finger  contraction. 

Recommendations  for  Future  Studies 

As  a  continuation  of  the  present  study,  other  studies 
could  be  conducted  which  would:  1)  characterize  the 
systolic  blood  pressure  response  of  other  isolated 
movements  involving  larger  muscle  masses,  2)  characterize 
the  additive  effects  of  simultaneous  muscle  contractions 
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of  a  known  mass  to  a  previously  described  systolic  blood 
pressure  response  3)  compare  the  systolic  blood  pressure 
response  of  individuals  with  various  circulatory  problems 
(i.e.  hypertension,  post  cardiac  infarction)  to  those  of 
normal  individuals,  and  4)  define  the  critical  size  muscle 
mass,  if  one  exists,  below  which  the  systolic  blood 
pressure  response  to  an  isometric  contraction  is  dependent 
on  the  size  of  the  contracting  muscle  mass  and  above  which 
the  systolic  blood  pressure  response  is  dependent  on  the 
percentage  of  KVC  at  which  the  muscle  mass  is  contracting. 

Clinical  Implication s 

The  results  of  the  present  study  could  be  utilized  in 
advising  patients  with  severe  hypertension  and  post 
cardiac  infarction  patients  concerning  ADL  activities  and 
possible  employment  opportunities.  Theoretical  peak 
systolic  blood  pressures  could  be  calculated  for  an 
activity,  illustrating  the  potential  hazard  to  the 
patient.  By  combining  these  results  with  those  of  the 
proposed  future  studies,  though,  the  scope  of  the  clinical 
implications  would  be  greatly  expanded.  This  data  could 
then  be  used  as  a  preliminary  screening  procedure  fcr 
isometric  exercise  itduced  hypertension  and  as  a  means  of 
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testing  the  efficacy  of  drugs  used  for  treating 
hypertension.  Clinicians,  using  biofeedback  techniques, 
could  teach  individuals  hcv  to  relax  certain  muscles. 

This  could  be  used  as  a  treatment  for  certain  types  of 
hypertension  and  migraine  headaches.  Future  studies  could 
provide  data  which  would  be  of  benefit  in  exercise 
prescription  and  employment  counseling  for  patients  with 
cardio-vascular  problems. 
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SUMM??Y  of  THESIS 

Purpose  of  the  Study 

■’he  purpose  of  this  study  was  to  investigate  the 
difference  between  the  blood  pressure  responses  to  two 
drfferen'*’  size  muscle  masses  contracting  at  a  known 
percentage  of  maximal  voluntary  strength.  Specif ically, 
this  ®tudy  compared  slopes  and  intercepts  of  the 
regression  lines  derived  from  systolic  blood  pressure 
responses  to  two  different  size  muscle  aroups  contracting 
a  *  40*  maximal  voluntary  strength. 

Proce  dure 

Eased  on  a  100*  MVC  value  derived  from  tvo  MVC 
determinations  performed  by  °ach  of  21  male  subjects,  a 
40%  mvc  value  was  determined  for  index  finger  adduction 
and  handgrip.  During  each  of  the  two  succeeding  sessions 
each  subdect  performed  a  sustained  40%  isometric 


contraction  of  the  two  exercises  while  systolic  blood 
pressure  and  surface  E MG  activity  over  selected  muscle 
groups  was  being  monitered.  Following  each  sustained 
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contraction,  a  maximal  EMG  response  from  the  monitered 
muscle  groups  and  a  109*  ?*vc  of  the  appropriate  isometric 
contraction  was  produced.  The  final  session  with  each 
sub^ec*  was  a  1 0CW  MUC  determination  of  each  of  the  two 
differ°nt  contractions. 

Results 

Although  the  analysis  of  variance  and  Duncan’s 
multi  range  test  demonstrated  a  trend  of  increasing  tension 
in  the  100*  index  finger  adduction  values  from  max  1  to 
max  c ,  there  was  no  similar  occurrence  in  the 
corresponding  handgrip  values.  The  correlation 
coefficient  (r)  ,  used  as  an  index  of  reproducibility, 
indicated  '•.hat  the  ICO*  index  finger  adduction  values  were 
not  as  reproducible  as  the  corresponding  handgrip 
measurements. 

"hers  was  no  statist ical ly  significant  difference 
between  the  resting  systolic  blood  pressures  measured  on 
each  subiec*  at  the  star*  of  sessions  2  and  3. 

"he  difference  between  corresponding  slopes  and 
intercepts  of  the  two  regression  lines  representing  each 
subject's  responses  to  repeated  sustained  contractions  of 
the  two  different  siz«  muscle  groups  was  statistically 


insianif icant 


’Sven  though  '■he  analysis  of  variance  indicated  a 
statistically  significant  subject-exercise  interaction, 
the  same  procedure  indicated  '■hat  an  even  larger 
stati ct ical ly  significant  difference  existed  between  th 
different  blood  pressure  responses  to  the  two  different 
isometric  contractions  (index  finger  adduction  vs 
handgrip) . 

Concl usion 

There  is  a  statistically  significant  difference  in 
the  systolic  blood  pressure  response  to  a  sustained  40X 
*vc  for  index  finger  adduction  and  a  sustained  40X 
handgrip  contraction. 


MEDICAL  HISTORY  FOFM 


NAME: 


DAT: 


Have  you  ever  had  any  known  indications  of,  or  been 
treated  for,  any  of  the  following  (underline  applicable 
i+  em) 


YES  NO 


1.  High  blood  pressure?  (Tf  "ves",  lrst  drugs 
prescribed  and  dates  taken.) 

2.  Chest  pain,  heart  at  +  ack,  rheumatic  fever, 
heart  murmur,  irregului  oulse  or  other 
disorder  of  the  heart  or  blood  vessels? 

3.  Cancer,  tumor,  cyst,  or  any  disorder  of 
the  thyroid,  skin,  or  lymph  glands? 

«.  Diabetes  or  anemia  or  other  blcod  disorder? 

5.  Sugar,  albumin,  blood  or  pus  in  the  urine , 
or  veneral  disease? 

6.  Any  disorder  of  the  kidney,  bladder, 
post  ate,  breast  or  reproductive  oraars? 

'7.  nicer,  intestinal  bleeding,  hepatitis, 

colitis,  or  other  disorder  o*  the  stomach, 
intestine,  spleen,  pancreas,  liver  or  call 
bladder? 

8.  Asthma,  tuberculosis,  bronchitis, 
emphysema  or  other  disorder  of  the  lungs? 

9.  Fainting,  convulsions,  migraine  headache, 
paralysis,  eDilepsy  or  any  mental  or 
nervous  disorder? 

10.  Arthritis,  gout,  amDUt  a4- ion  ,  sciatica, 

back  pain  or  other  disorder  of  the  muscles, 
tones,  or  joints? 


I 


"EDTCAL  HI  STOP?  *OF  M  (cont*  d  . ) 


11. 

Disorder  of  the  ®yes,  ears, 
or  sinuses? 

nose,  throat 

12. 

Varicose  veins,  hemorrhoids, 
rectal  disorders? 

hernia  or 

13. 

Alcholism  or  drug  habit? 

Have 

you : 

1«. 

Had,  or  been  advised  to  have 

,  an  x-ray. 

cardiogram,  blocd  or  other  diacrnostic  +est 
in  ♦he  past  *  years? 

15.  PeQn  a  patient  ir.  a  hospital,  clinic,  or 
other  medical  facility  ir.  the  past  5  years? 

16.  Fver  had  a  surgical  operation  performed  or 
ad  vised? 

17.  Had  any  oral  or  respiratory  infections  in 
the  past  week? 


DFTAIIS  0*  "YES"  ANSWEFS. 

Include  number  of  attacks,  da*es: 
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I 
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SUBJECT  I  NFORN  AmTCN  SHEET 


Protect  Ti* le:  CHANGES  IN  SYSTOLIC  BLOOD  PRESSURE  DTTRING 
ISO?!  EmPIC  CONTRACTIONS  OF  DIFFERENT  SIZE 
MUSCLE  G ROD  PS 

Investigators:  Joe  A.  Euck,  L.P.T. 

Louis  R.  Amundsen,  L.P.T. ,  Ph.  D. 


This  experiment  involves  the  determination  of  your 
maximal  isometric  strength  for  adducting  (pulling  toward 
the  hand)  your  index  finger  and  grippinc  with  the  entire 
hand.  Following  these  determinations  you  will  be  trained 
to  perform  the  above  contractions  at  40$  of  your  maximum 
isometric  strength  with  minimal  activity  in  other  muscles. 
After  this  initial  training  your  blood  pressure  responses 
to  40$  of  maximal  capacity  contractions  held  to  tolerance 
widd  be  assessed  for  each  muscle  group. 

Four  sessions  will  be  needed  for  training  and  da^a 
collection. 

Our  monitoring  equipment  should  cause  no  discomfort. 
We  will  use  only  noninvasive  methods  *•  o  monitor  your  hear4- 
rate,  blood  pressure,  and  electromyographic  responses  to 
exercise.  The  exercise  may  cause  some  local  muscular 
discomfort  during  prolonged  contractions. 

We  expect  the  results  of  this  exDeriment  to  enhance 
the  knowledge  base  requir°d  to  determine  if  given 
occupational  or  recreational  activities  are  safe  for 
patients  with  ischemic  heart  disease. 


"I  have  discussed  the  above  points  wi*h  the  subject  or  his 
legally  authorized  representative,  using  a  translator  if 
necessary.  It  is  my  opinion  *hat  the  subject  understands 
the  risks,  benefits  and  obligations  involved  in 
participation  in  this  project.  " 


Invest  iga'-or 
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CERTIFICATION  OF  SUBJECT  CONSENT 


Project  Title:  CHANGES  IN  SYSTOLIC  BLOOD  PRESSURE  DURING 
ISOHETRIC  CONTRACTIONS  OF  DIFFERENT  SIZE 
MUSCLE  GROUPS 

Investigators:  Louis  R.  Amundsen,  L.P.T.,  PhD. 

Joe  A.  Buck,  L.P.T. 


I,  _ ,  hereby  certify 

that  I  have  bean  told  by  L.R.  Amundsen  or _ _ 

of  the  physical  therapy  department  about  the  research  on 
isometric  exercise;  and  its  purposes.  I  understand  the 
possible  discomforts  and  risks  and  the  possible  benefits 
relating  thi*  research  project. 

A  wri>  . eo  summary  of  what  I  have  been  told  is 
attached.  I  nave  been  given  an  adequate  opportunity  to 
read  it. 

understand  that  I  have  the  right  to  ask  questions 
about  any  procedure  and  to  withdraw  my  consent  and  stop 
taking  part  in  the  project  at  any  time  without  prejudice 
to  me. 

I  harby  freely  consent  to  take  part  in  this  research 
project . 


(signature  of  subject) 


I,  the  undersigned,  certify  that  I  was  present 
during  the  oral  presentation  of  the  written  summary 
attached  when  it  was  given  to  the  above  subject. 


(signature  of  auditor- witness) 


-if 


*-**;*.  in : 
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APPENDIX  B 

CALIBRATION  CF  FORCE  MEAS USING  TRANSDUCERS 


The  calibration  for  each  "0"  ring  force  transducer 
•as  conducted  as  follows.  The  maximum  weight  to  be  used 
was  suspended  fro*  the  appropriate  transducer  and  an 
appropriate  sensitivity  setting  for  the  pre-a*p  and 
amplifier  of  the  respective  channel  for  each  transducer 
was  determined.  The  weight  was  then  systematically 
reduced  through  the  range  in  which  the  "0"  ring  was  to  be 
used.  A  graph  representing  the  calibration  data  for  the 
small  "0"  ring  used  to  leasure  the  index  finger  adduction 
and  the  regression  equation  generated  from  this  set  of 
data  is  found  in  Figure  B-1 .  The  maximum  deviation  from 
this  line  was  negligible  (.035  lbs),  producing  a  linearity 
(■ax  deviation/  full  scale  deflection)  of  <  ±.  If  of  full 
scale.  Similarly,  the  data  for  the  calibration  of  the 
transducer  used  to  measure  the  handgrip  force  is  given  in 
Table  B-1.  Its  corresponding  graph  and  regression 
equation  are  illustrated  in  Figure  B-2.  The  linearity  of 
this  transducer  was  within  ±.7f  of  full  scale. 


ns  deflection 


Figure  B-1 

Calibration  Data  and  Regression 
Equation  for  Force  Transducer 
Used  to  Measure  Index  Finger 
Adduction  Strength 
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20  30 

nm  deflection 


Figure  B-2 

Calibration  Data  and  degression  Equa¬ 
tion  for  Force  Transducer  Used  to 
Measure  Handgrip  Strength 
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APPENDIX  C 

COMPARISON  of  kopotko^f  signals  amplified 
THROUGH  THE  BECKMAN  MODEL  9863A  INDIRECT 
BLOOD  PRESSOPE  COUPLER  AND  SYSTOLIC  BLOOD 
PPESSUR"  MEASURED  ^IA  m  HE  AUSCULm ATOR Y 
METHOD  USING  A  STETHOSCOPE  AND 
MERCURY  MANOMETER 


Ill 


'’’able  c-1 

Comparison  of  Korotkoff  Signals  Amplified 
through  the  Beckman  Model  9863A  Indirect 
plood  Pressure  Coupler  and  Systolic  Flood 
Pressure  Measured  via  *he  Auscultatory 
Method  Using  a  Stethoscope  and 
Mercury  Manometer 


S.  5.  P.  Me asured 
*rom  Korotkoff 
Sionals 

S.B.P.  Measured 
With  stethescope 
and  Mercury 
Manometer 

125 

129 

12ft 

12ft 

115 

115 

115 

lift 

120 

118 

I^V.  5 

116 

112 


P  PPENTI X  D 

LOCATION  OF  SOEFACE  T  MG  FLEC'r?OD*’S 
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I 

I 

I 

I 

I 

I 

I 

I 

i 

l 


1 

I 

I 

1 
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HEIST  EXTENSOR 


HEIST  FLEXOPS 


Draw  a  line  from  the  lateral 
ericondyle  of  the  humerus  to  the 
styloid  process  of  the  ulna.  2  ft  of 
this  distance  draw  a  perpendicular  line 
laterally  (1  inch)  that  will  put  an 
active  electrode  or.  the  extensor  carpi 
ulnaris.  Draw  a  2  inch  eouila'reral 
triangle  from  this  point. 


Draw  a  line  from  the  medial 
epicondvl®  of  the  humerus  to  the 
styloid  process  of  the  radius.  20%  of 
this  distance  from  the  medial 
epicondyle  on  the  line  is  the  ground 
electrode,  SO*  of  the  distance  on  the 
line  is  an  active  electrode.  Draw  a  2 
inch  equilateral  triangle  medially  from 
these  points. 


Draw  a  line  from  the  coracoid 
process  to  the  biceps  tendon  in  the 
elbow  flexion  crease.  2S%  of  the 
distance  from  the  crease  on  the  line  is 
the  ground  electrode.  Draw  a  2  inch 
equilateral  triangle  proximallv  with 
the  ground  electrode  as  the  apex. 


Draw  a  line  from  the  olecranon  to 
the  middle  of  the  acromion.  60%  of  the 
distance  from  the  acromion  on  +he  line 
’is  the  groumd  electrode.  Draw  a  2  inch 
equilateral  triangle  medially. 


PECTOPALIS  MAJOP 


From  the  mid-point  on  the  distal 
sternal-acromial  line  draw  a 
perpendicular  cross  line.  1  inch  each 
way  from  the  sternal-acromial  line  are 
the  active  electrodes.  i  inch  toward 
the  sternum  frcm  the  mid-point  is  the 
ground  electrode. 


I 


I 

I 

I 

I 

I 

I 

I 


DELTOIDS 


Draw  a  line  from  the  lateral 
epicon.dyl®  o*  the  humerus  to  the 
acromion.  13*  of  the  distance  from  the 
proximal  point  draw  a  perpendicular 
lire  anterior  across  the  anterior 
deltoid,  f*  of  the  distance  from  ♦he 
acromio-lateral  epicondyle  line  cn  the 
anterior  line  is  an  active  electrode, 
the  other  active  electrode  is  on  the 
same  line  2  inches  away.  Draw  a  2  inch 
equilateral  triangle  distally  for  the 
ground  electrode. 
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AFPENDIX  I 

PORTION  0?  CHART  RECORD  PRODUCED  DURING  A 
SUSTAINED  40%  NVC  INDEX  FINGER 
ADDUCTION  CONTRACTION 


Table  F-i 


Correlation  Coefficients  for  Time 
vs  Systolic  Blood  Pressure  for 
40%  M VC  Index  Finaer  Adduction 


Sub-  Fepe- 
tect  tition 


ri 

zi** 

V 

(wizi2' 

.12 

791“ 

1.82 

l766~ 

.46 

.50 

3. 00 

1.50 

.  82 

1.  16 

2.  32 

2.69 

.11 

.89 

2.67 

2.38 

.80 

1.  10 

4.  40 

4.84 

.04 

.04 

.32 

.01 

.60 

.6« 

2.67 

1.90 

.  04 

.04 

.  12 

.00 

.11 

.r» 

.34 

.06 

.85 

1.26 

3.  78 

4.76 

.69 

.85 

3.  40 

2.89 

.53 

.59 

2.  36 

1.39 

.33 

.34 

1.36 

.46 

.  17 

.  17 

.  85 

.14 

.32 

.33 

.  99 

.33 

.47 

.51 

1.02 

.52 

.*1 

.56 

1.12 

.61 

.  16 

1.00 

1.0C 

1.00 

.88 

1.38 

4.14 

5.71 

.36 

.38 

.38 

.14 

.88 

1.  38 

9.66 

1  3.33 

.  30 

.  31 

1.  86 

.58 

.55 

.62 

1.86 

1.15 

.83 

1.19 

5.  95 

7.08 

.  44 

.41 

2.  35 

1.10 

.  80 

1.  10 

5.  50 

6.05 

.13 

.93 

1.86 

1.73 

1.00 

2.90 

7.  90 

8.41 

.65 

.18 

3.12 

2.4? 

.29 

.30 

1.20 

.36 

.67 

.81 

4.  05 

3.28 

.  66 

.19 

4.74 

3.74 

.58 

.66 

1.98 

1.31 

.01 

.01 

.05 

.00 

.01 

.01 

.  05 

.00 

.89 

1.  42 

8.  52 

1  2.10 
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""able  F-1(cont'd.) 


19 

1 

7 

4 

.  58 

.66 

2.  64 

1.74 

2 

6 

3 

.  48 

.  52 

i.  56 

.81 

20 

1 

8 

5 

.^2 

.91 

4.55 

4.14 

2 

8 

5 

.50 

.55 

2.75 

1  .51 

21 

1 

10 

7 

.  60 

.  69 

4.  83 

3.3? 

2 

9 

6 

_f.54__ 

.60 

3.  60 

2.16 

To+al 

?68 

113773 

109.39 

z  =£  w^ 

zi/Zwi 

i 

1 

1  00 

1  VO 

1  . 

!  ii 

r=e2Z- l/e2Z+1=. 59++ 


*w.  =  u-  -  3 

**z i  =  1/2[loge(1+r) -loge  (1-r)  ] 
+zw  =  "izi 


♦♦To  test  the  hypothesis  that  several  r's  are  from  the 
same  rho,  and  to  combine  them  into  an  estimate  of  rho: 

x2  =  (Eviz.2)-[  (Iwizi)2/(Ewi>  ] 

*2  =  32. no 

X2  (.0  5  level,  ui  D.  F.)  =  c6.  9 

probability  =  .17  of  observing  a  X2  >  32.40  when  the 
underlying  correlations  are  from  a  common  population 


To  test  the  hyoothesis  that  rho  has  some  value  other  than 
0(rho*0):use  the  fact  that  when  rho  =  0,  z  has  a  normal 
distribution  with  mean  =  0  and  variance  =  1  /jP(w~)  . 
Feject  the  hypothesis  that  rho  =  0 


at  the  .05  level  if 

yr7w“) 

<v 

>  1.96 

at  the  .01  level  if 

(wi> 

(Zw> 

>  2.57 

at  the  .001  level  if 

ynv 

>  3.27 

Since  V168  (.68)  =  8.81  we  can  reject  t^e  null  hypothesis 
(that  a  correlation  this  high,  could  occur  by  random 

sampling)  at  the  .001  level. 


i 

i 
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APPENDIX  G 


CORRELATION  COEFFICIENTS  AND  STATISTICAL 
SIGNIFICANCE  OF  CORPBLAT ION  COEFFICIENTS 
OF  TIME  VS  SYSTOLIC  BLOOD  PPESSDBE  POR 
SHSTAINED  40*  HVC  HANDGRIP 
CONTRACTIONS 
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Table  G-i 

Correlation  Coefficients  for  Tine 
vs  Systolic  Blood  Pressure  for 
4 Of  8VC  Handgrip 


Su  b-  Pepe- 


ject 

tition 

v  , 

■  l 

Vi* 

-  1 

Zi** 

2w  + 

(wi  zi 

i 

1 

3 

0 

.94 

1.74 

6 

0 

2 

4 

1 

.98 

2.  30 

2.  30 

5.29 

2 

1 

3 

0 

.92 

1.59 

0 

0 

2 

5 

2 

.  68 

.83 

1.  62 

1.38 

3 

1 

8 

2 

.90 

1.47 

2.  94 

4.32 

2 

6 

3 

.84 

1. 22 

3.  66 

4.47 

4 

1 

7 

4 

.93 

1.66 

6.64 

11.02 

2 

1  1 

8 

.95 

1.83 

14.  £4 

26.45 

C 

1 

5 

2 

.97 

2.09 

4.18 

8.47 

2 

8 

5 

.98 

2.  30 

“1  1.  50 

26.45 

6 

1 

5 

2 

.97 

2.09 

4.  18 

8.74 

2 

6 

3 

.07 

2.09 

4.  18 

13.10 

n 

1 

5 

2 

.93 

1.66 

3.32 

5.51 

2 

6 

3 

.98 

2.30 

6.  90 

1  5.87 

8 

1 

8 

5 

.  °6 

1.95 

9.7* 

19.01 

2 

9 

6 

.04 

1.74 

10.  44 

1  8.17 

g 

1 

6 

3 

.  fi2 

1.  16 

3.  48 

4.04 

2 

6 

3 

.98 

2.30 

6.90 

15.87 

1  0 

1 

7 

4 

.97 

2.09 

8.36 

17. 4T 

2 

8 

5 

.99 

2.65 

13.25 

35.11 

1  1 

1 

9 

6 

.74 

.95 

5.70 

5.42 

2 

7 

4 

.97 

2.09 

8.36 

1 7 ,4'7 

1  2 

1 

6 

3 

.86 

1.29 

3.  87 

4.99 

2 

7 

4 

.96 

1.95 

7.80 

15.21 

1  3 

1 

7 

4 

.99 

2.65 

10.60 

28.09 

2 

9 

6 

.93 

1.66 

9.96 

16.5? 

1  u 

1 

c, 

2 

.98 

2.30 

4.60 

10.58 

2 

5 

2 

1.00 

2.90 

5.80 

16.82 

1  5 

8 

5 

.87 

1.33 

6.65 

8.84 

2 

11 

8 

.84 

1.22 

0.76 

11.91 

1  6 

1 

8 

5 

.85 

1  .26 

P.30 

T.94 

2 

7 

4 

.95 

1.83 

7.32 

*>3.40 

1  *» 

1 

7 

U 

.28 

.29 

1.16 

.34 

2 

5 

2 

.92 

1.5Q 

3.18 

5.06 

18 

1 

7 

4 

.98 

2.30 

9.20 

21.16 

2 

7 

4 

.65 

.78 

3.  *2 

2.43 

18 


V 
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Table  G-i  (c ont 1  6 . ) 


IQ  1 

4  1 

,°S 

1.95 

1. 95 

3.80 

2 

8  5 

.61 

.71 

3.51 

2.52 

20  1 

5  2 

.  91 

1.  53 

3.  06 

4.68 

2 

8  5 

.  95 

1.8? 

9.  15 

1  6.7U 

21  1 

6  3 

.91 

1.  53 

4.  59 

1 .02 

2 

7  tt 

.94 

1.74 

6.  96 

12.11 

_ Total _ 

_ 150 

— 

— 

250.  84 

474.41 

z  =Ew 

. z . /Ew  .  = 
li  l 

1.  67 

r=e2  z- 

Ve2  z+1  = 

.  9  5+  + 

V .  -  3 

1^2[loge(i+r)  -loge  (1-r)  ] 


♦♦To  test  the  hypothesis  that  several  r's  are  from  the 
same  rho,  and  to  combine  them  into  an  estimate  of  rho: 

X2  =  (Zw.z  .*)-[  (Ew.  z.  )  2/(Zv.)  ] 

1  1  *2=54. *>4 

X2  (.0  5  level,  ui  D.  F. ) =56.  9 

probability  =  .07  of  observing  a  X2  >  54.94  when  the 
underlying  correlations  are  frcm  a  common  population 


To  test  the  hypothesis  that  rho  has  some  value  other  *han 

0  (rho  *  0)  use  the  fact  that  when  rho  =  0,  z  has  a _ normal 

distribution  with  mean  =  0  and  variance  =  1  /\fli(v~)  . 


Felect  the  hypothesis  that  rho  =  0 


at 

the 

.05 

level 

if 

\|E(w.) 

<v 

> 

1.  96 

at 

the 

.01 

level 

if 

\/£<V 

<v 

> 

2.  57 

at 

the  . 

001 

level 

if 

(w*) 

> 

3.27 

Since  |/150  (1.67)  =  20.45  we  can  reject  the  null  hypotheses 
(that  a  correlation  this  high  could  occur  by  random 
sampling)  at  the  .001  level. 
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APPENDIX  H 

ACT  DAL  PERCENTAGE  0?  NVC 

d  doping  sustained  «o% 

SOMETPIC  CON  TP  ACTIONS 
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Table  H-1 

Actual  Percentage  of  MVC  Used 

During  Sustained  Index  Finger 

Adduction  Contractions 

40*  valu°  used/  Actual 

Subject 

Highest  Recorded 

Max  Percentage 

1 

.96/4.73 

.20 

2 

1.64/4.11 

.40 

3 

.92/4. 58 

.20 

4 

.78/4.37 

.18 

5 

1.45/4. 18 

.  35 

6 

1  .34/3.65 

.37 

7 

1.02/2. 97 

.34 

a 

1.59/5.35 

.30 

9 

2.16/5.  42 

.40 

10 

1 .71/4.57 

.37 

11 

1.37/3. 92 

.35 

12 

1.52/4.79 

.32 

13 

1.41/3. 52 

.40 

14 

1  .54/5.46 

.28 

15 

1.62/4. 76 

.34 

16 

1 .62/5. 97 

.38 

17 

1.36/4. 21 

.32 

18 

1  .5C/5. 08 

.29 

19 

.91/2. 

.40 

20 

1 .32/5. 19 

.26 

21 

1.61/4.53 

.36 

=  .32 
=  .07 


Wean 

S.D. 


Actual  Percentage  of  SVC  Used 
Durina  Sustained  Handgrip 
Contractions 


Subiect 

4  05  Value  Used/ 
Highest  Recorded  Max 

Actu  al 
Percentage 

1 

ft  1.  8/“»29.  4 

.32 

2 

56.3/140. 6 

.40 

3 

62.  0/157.  0 

.40 

4 

47.  O/^IV.  7 

.40 

5 

53.  8/135.  0 

.40 

6 

62.1/155.2 

.40 

7 

43.  3/119.  3 

.36 

8 

41.9/116.9 

.36 

9 

50. 4/133. 7 

.  38 

10 

4C. 8/106. 7 

.38 

11 

37.  4/101.  ft 

.37 

12 

52.2/130.5 

.40 

13 

53.6/135.  9 

.  39 

14 

48.1/120.2 

.40 

15 

44.  2/160.  3 

.28 

16 

ft 9.  4/136.1 

.36 

17 

39.  9/  99.  7 

.40 

18 

55.  2/146. 8 

.38 

19 

45.  3/130.  5 

.35 

20 

40.  2/139. 3 

.29 

21 

40.  2/1  3  3a.  3 

.30 

M  ea  n  =  .36 
S.D.  =  .Oft 
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